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ANOMALOUS DISPERSION IN THE SUN 
By SEBASTIAN ALBRECHT 


INTRODUCTION 


In recent years, Professor Julius has published a number of 
articles in which he developed the theory of anomalous dispersion, 
with special reference and application to solar phenomena. As the 
writer required, in another line of work, a detailed knowledge of the 
accidental as well as the systematic errors in Rowland’s Table of 
Solar Spectrum Wave-Lengths, it became necessary, among other 
things, to test these wave-lengths for possible effects of anomalous 
dispersion. Before proceeding with the account of that test, the 
writer will state briefly such of the principal deductions from the 
anomalous-dispersion theory as will enable the reader to gain at 
least a partial insight into the causes which, it is supposed, underlie 
the effects discussed in this article. 

By anomalous dispersion is denoted the general property of 
matter that its refracting power +(m—1) varies rapidly as we 
approach an absorption line. Two of the effects of the property 
of anomalous dispersion are (a) anomalous refraction and (6) anoma- 
lous scattering. Anomalous dispersion subsists even when the 
density of the medium is perfectly uniform and the propagation of 
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light rectilinear. In that case anomalous scattering only is opera- 
tive. Rayleigh’s formula for the coefficient of scattering (s) is 


— 1)” 


where N is the number of scattering particles per unit volume, and 
d is the wave-length of the light under consideration. We see that 
s passes through a sharp maximum in the neighborhood of every A 
which corresponds to an absorption line, because there the factor 
(n—1)? increases rapidly as we approach the line from either side. 
Even absolutely monochromatic absorption would thus, in an 
extensive atmosphere (even with a medium of perfectly uniform 
density and with rectilinear propagation of light), give rise to a 
line of a certain width. Every absorption line of a stellar atmos- 
phere is, therefore, enveloped in what is called a dispersion band. 
It is through asymmetry of the dispersion band that displacements 
of lines by anomalous dispersion take place, for the true absorption 
line cannot be displaced by this cause. 

More recently Julius' has developed an extension of the 
anomalous-dispersion theory, according to which there must be a 
mutual influence of Fraunhofer lines. As the position “‘of a certain 
line A depends on the refracting power of the medium for the adja- 
cent waves, it must be influenced by the presence of a strong neigh- 
boring line B.”’ In other words, Fraunhofer lines which are close to 
each other exert a mutual influence upon each other. This is one 
of the ways in which asymmetries are produced in dispersion bands. 
The theory requires that the influence be opposite in direction in 
the two cases where the line B lies toward the red or toward the 
violet of line A, and in addition, that when B lies on the red side of 
A the influence must be greater than when B lies on the violet side. 
It is this effect which lends itself most readily to the test proposed, 
and for convenience the writer will refer to it as the Julius effect. 
Other effects of anomalous dispersion will not be considered here, 
and for further details in regard to the theory the reader is referred 
to the original articles by Julius. 


* Astrophysical Journal, 40, 1, 1914. (References to earlier articles by Julius will 
be found here.) 
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Julius (op. cit.) has himself made a test for this effect, using as 
a basis St. John’s measurements of displacements of the Fraunhofer 
lines at the edges toward center and limb of eccentrically located 
sun-spots. Julius refers to these displacements in sun-spot spectra 
as the Evershed effect. His problem was to select from St. John’s 
list such lines as have close companions, either to the red or to the 
violet, of sufficient strength to produce the anomalous dispersion 
outlined above. If anomalous dispersion is operative, then the 
lines thus selected should show respectively a decrease or an 
increase in the amount of the Evershed effect. Julius obtained 
results which indicated that this does actually occur. 

A more recent rediscussion of the same data led St. John’ to 
conclude that no such decrease or increase in the amount of the 
Evershed effect is shown, though he considered the material to be 
suitable for a definitive test of the Julius effect. 

The present investigation is based upon entirely different and 
independent data, namely, the wave-lengths of the iron lines in 
the solar spectrum as given in Rowland’s Preliminary Table of Solar 
Spectrum Wave-Lengths. The problem in this case is to compare 
Rowland’s wave-lengths with wave-lengths obtained in the labora- 
tory, in order to determine whether the wave-lengths of lines having 
close companions respectively toward the red or toward the violet 
in the solar spectrum differ systematically from each other and 
from the lines which are not thus accompanied by close companions. 


DESCRIPTION AND TREATMENT OF THE DATA 


Table I contains all the lines which were examined for a possible 
Julius effect. As far as the writer is aware this is the complete list 
of lines for which the group according to pressure displacement is 
known. The choice of material was restricted to these lines,’ 


* Astrophysical Journal, 41, 28, 1915; Mt. Wilson Conitr., No. 93. 

2 In the summer of 1914 the writer had investigated this problem without eliminat- 
ing the pressure effect. In that investigation a much larger list of lines was available, 
and the results are in fair agreement with those discussed in this article. However, 
as the pressure displacements according to the Mount Wilson groups are definitely 
confirmed in these reductions, and as the lines of the several pressure groups are not 
distributed uniformly along the spectrum nor represented in equal numbers, it is 
preferable to use only those lines for which the pressure effect can be eliminated. 
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TABLE I 


For THE DETERMINATION OF THE RELATION BETWEEN THE ROWLAND AND THE 
INTERNATIONAL SYSTEMS—FOR FE 


| [RowLanp—I.A.] 
MounNT | 
| WILson | ReMARKS: RATIO OF INTENSITIES 
Group | AA for 3A’ for (CoMPANION: LINE); SEPARATION; Etc. 
AND CLASS) A; at at 


| 1+ Atm o.5 Atm 


br |+.148 |+.1484 | 3:20,0.38A to vi.; 5:20, 0.46 to red 
br | .1§0 | .151 | 3:20, 0.39 and 3:20, 0.48 to Vi.; 
8:20, 0.62 to red 
bi | 141 .142 | Relatively faint lines on each side 
br | .143 .144 | 4:12, 0.43 to vi. 
ox | 3g .154$ | 2:9, 0.25 to vi.; 2:9, 0.46 to red 
bi .152 £63 3:6, 0.38 to vi.; 4:6, 0.19 to red 
ar | .141 .141} | 2:9, 0.14 to red 
br | .139 | .140 | Companions 1:8 on each side 
at 146 .147 Intensity 40. No companion 
at .164 .1644 | 3:6, 0.09 to vi. 
bi .156 .157. | Faint lines on each side. Indetermi- 
nate 
.1503 | Faint lines on each side. Probably 
neutral 
.146 0.47 to red 
730, 0.22, and 3:30, 0.32 to vi. 
:6, 0.12 to red 
:8, 0.23 to vi.; 6:8, 0.34 to red. 
Indeterminate 
8:6, 0.34 to vi. 
Only 1:10 on each side 
10:1, 0. 24 to Vi. 
4:15, 0.55 to vi. Probably neutral 
Only 1:10 on each side 
1:6,0.16 tored. Relatively weak 
Only 1:8 on each side 
No companion 
Only 1:8 on each side 
3:15, 0.5 to red 
| No relatively strong companions 
| Faint companion on each side 
| 4:10, 0.14 to red; 3:10, 0.36 to vi. 
3:15, 0.51 to red 
3:7, 0.25 to vi. 
2:5, 0.11 to Vi.; 2:5, 0.30 to red 
3:7, 0.22 to Vi. 
| No close companion 
2:10, 0.32 tO Vi.; 2:10, 0.31 to red 
2:10, 0.19 to Vi.; 4:10, 0. 26 to red 
| Only 1:10 on each side 
| Only 1:12 on each side 
1:08, 0.14 to vi.; 2:8, 0.16 to red; 
2:8, 0.28 to red. Somewhat in- 
determinate 
2:8,0.43 tovi. Relatively faint for 
separation 


br 
al 
br 
alt 


| | 
— 
3609.008 | .860 | 
18.919 | .769 
31.605 | .464 | 
47.988 | .845 
80.069 | .gI5 
87.610 | .458 
3705.708 | .567 
: 09.389 | .250 | 
: 20.084 | .938 
22.729 | .565 
27.778 | .622 
33-469 | .319 
35.014 | .869 
37.281 
43.508 | .364 
45-717 | .563 
46.058 | .goo 
48.408 | .264 
48.650 | .492 
58.375 | .234 
63.945 | .792 
65.689 | .541 
67.341 | .104 
88.046 | .880 
95-147 | .004 
3815.987 | .844 
26.027 . 886 
27.980 | .826 
34.364 | .227 
86.434 | .287 
87.196 | .053 
88.671 | .520 
95.803 | .659 
99.850 | .711 
3903 
06.628 | .482 
20.410 | .261 
23.054 .QI7 
28.075 | -925 
39.450 | .304 ( 
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TABLE I—Continued 


[RowLanp —I.A.]} 
Mount 
WILSON REMARKS: RATIO OF INTENSITIES 
Group | AA for | 4A’ for (CoMPANION: LINE); SEPARATION; Etc. 
AND CLASS) A; 4 at Aya, at 
1 Atm o.5 Atm 


b4 .137 .138 | Strong lines on each side. Indeter- 
minate 
. .151}% | 6:10, 0.53 to Vi.; 2:10, 0.49 to red. 
| 700:10, 0.79 to Vi. 
b4 : | .146 No close companion 
b4 : .150 | 1:4, 0.29 and 2:4, 0.43 to vi.; 2:4, 
0.09 to red 
.159 | Faint lines on each side; and 3:7, 
0.45 to red 
.1544 | Intensity 30. Only relatively faint 
lines near 
.156 | 4:20,0.32tovi. Relatively faint 
161 Only very faint lines near 
.173} :10, 0.14 to Vi.; 3:10, 0.46 to red 
1563 1§,0.25 tO Vi.; 3:5, 0.35 to Vi. 
0.47 and 2:15, 0.37 to Vi. 
161 .33 and 1:4, 0.19 to vi. 
.25 to red 
161 .25 to vi. 
1674 | .33 to vi. 
.116 .06 to red; 2:3, 0.37 to Vi. 
.137 .07 to red; 1:4, 0.51 to vi. 
166 .65 to vi.; and faint lines on 
ach side. Neutral 
.1684 | 20:4, 0.70 to Vi.; 1:4, 0.13 to Vi. 
. 163 4:6, 0.44 to vi. 
.168 | Only lines 1:8 near 
5:4, 0.60 to vi.; 1:4, 0.13 to Vi. 
Group uncertain 
:8, 0.66 to red; 2:8, 0.49 to vi. 
:8, 0.66 to vi. 
:10,0.36 and 2:10,0.49tovi. In- 
determinate ? 
115, 0.61 to vi. 
15, 0.44 tO Vi.; 4:5, 0.60 to red 
:2, 0.35 and 1:2, 0. 26 to vi. 
5, ©. 10 to Vi. 
4, 0.26 to Vi.; 2:4, 0.39 to red 
:6, 0.17 and 2:6, 0.36 to vi.; 1:6, 
©. 25 to red 
14, 0.12 to Vi. 
:8 on each side. Neutral 
| 3:5, 0.51 to red 
| No companion 
1:4, 0.37 to vi. 
No companion 
No companion 
Only 1:10 near 
2:4, 0.06 to Vi.; 2:4, 0.49 to red 
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| | 3 
ARowLANp | Aza. 
3950.819 | 682 | 
69.413 | 263 
77.891 | .746 
97-547 | 398 
4005.408 | .250 
45.975 | .822 
63.759 | .604 fees 
71.908 | .748 
4132. 235 .063 
34.840 
44.038 | .873 
47.836 | .676 a 
91.595 | .443. 
| 
4202.198 | .032 | os 
04.101 | .986 
10.494 | .360} > 
16.351 | .186 
| 
27.606 | .444} 
33-772 | .O15 
30.112 
47-501 | .443 
50.287 | .133 & 
50.045 | .791} 
60.640 .487 
71.934 | .764 
82.565 .408 
91.630 | .472 
94.301 | .131} ee 
99.410 | .251 oie 
4308.081 | .909 
15.262 | .089 | on 
25.939 | .768 | 
37.220 | 
52.908 | 
69.941 | .776} 
70.107 | .934 | 
83.720 | .548 oe 
4404.927 | .753 
07.871 | .716 aa 
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{RowLanp —I.A_] 


Mount 
WILson Remarks: RATIO OF INTENSITIES. 
OWLAND | “LA. | Group AA for | AA’ for (COMPANION : LINE); SEPARATION; Etc. 
AND CLASS! A, , at | A,, at 
1 Atm o.5 Atm 
4408.582 | .420 C4 .162 | .165} | 2:3, 0.22 to vi.; 2:3, 0.10 to red. 
Indeterminate 
15.293 | .127| br .166 | .167 2:8, 0.25 to vi.; 3:8, 0.43 to red. 
| Probably neutral 
22.741 | .571| 63 «170 No companion 
7.482 | .314 | a3 -168 | .169 2:5, 0.22 to vi. 
30.785 | .6213) c4 .1634 | .1663 | 1:3, 0.43 to vi.; 0:3, 0.14 to red. 
Neutral 
42.510 347 | .163 . 166 1:6,0.49 tored. Neutral 
43.3605 198 | 53 .167 | .168 | 1:3,0.37 to vi.; 5:3, 0.61 to red 
49.002 | .725 | ce | | No companion 
54-552 386 b3 166 1673 | 5:3, 0.40 to red 
59.301 126 C4 175 17 2:3, 0.10 to Vi.; 1:3, 0.22 to red. 
| Indeterminate 
61.818 | .657 |} a3 161 162 3:4, 0.35 to red; 1:4, 0.45 to vi. 
66.727 | .556 b4 I7I 172 1:5, 0.37 to red 
76.185 | .0244) 54 160} 162 3:4, 0.07 to red 
89.911 | .745 a3 166 .167 3:4, 0.34 to red 
94.738 | .572 cz 166 | .169} | No companions 
4528.7098 6223; .1754 .179 | No companions 
31.327 | .155| 63 | .172 | .174 | 2:5,0.20tOVi.; 2:5, 0.47 to red 
48.024 | .853 Cat | .175 No companion 
56.306 131 .175 3:4, 0. 24 to vi. 
92.840 658 4? . 182 186 2:4, 0.13 to Vi. 
4603.126 047 C4? .179 . 183 No companion 
25.227 059 d? 168 176 No companion 
37.685 5193, d? 165 .1734 | 4:5, 0.51 to red 
47.617 | .439 c 4? .178 .182 Only very faint companion 
68.331 150 d? .181 .189 2.4, 0.09 tO Vi.; 1:4, 0.42 to red 
79.027 | .856 C4 271 .175 2:6, 0.38 to red 
gi .602 417 C4 .185 189 1:5 on each side. Probably neutral 
4707.457 288 C5 . 169 167 2:5, 0.22 to red 
27.582 410 d? | +172 . 180 2:3, 0.09 to red 
| |........ Mn; 3:2, 0.09 to Vi. 
36.963 | .786/] c5 177 .184 | 2:6,0.58 to red. Probably neutral 
83.613 433 es . 180 . 187 No companion 
7.003 811 C4 .192 .196 | 3:2, 0.28 to vi. 
88.952 7623; 1893 1933 | 2:3, 0.58 to red 
89.849 657 C4 .192 196 | 2:3, 0.32 to Vi. 
4823 .697 524 cs .173. | .180 | 3:5,0.63tored. Neutral 
59.928 | .758 ss .170 | .178} | 30:4,1.6tored. Too distant 
| .333 C5 179 | .188 | 3:5,0.52 to Vi.; 1:5, 0.60 and 4:5, 


.74 tored. Too distant 
74 to vi.; 1:8, 0.35 to red 
0.06 to Vi. 
| 2:6, 0.63 to vi. 
No companion 


0.82 to red 
i 72.332 | .153 ¢ | .179 | .1874 | 1:4, 0.22 to vi. 
78.407 995 Cc | .182 .190 3:4, 0.09 to Vi. 
91.683 | .507 370 | 
4903.502 | .325 | +177 .1843 
19.174 |. .007 c | | 
20.685 | .518 | | 


AROWLAND 


hr 
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Mount 

WILSON 

Group 
AND CLASS 


TABLE 


{[RowLanp —I.A.] 


AA for 
Aya. at 
1 Atm 


.180 
179 
-175 
.166 
.170} 
.150 
. 104 
.168 
.182 
. 163 
.172 
-179 
.1753 
-177 
174 
181 
.184 
.185 
.181 


174 
183 


179 
105 


I—Continued 


REMARKS: RATIO OF INTENSITIES 


AA’ for (COMPANION : LinE); SEPARATION; Etc. 
at 
o.5 Atm 
.182 No companion 
275 2:4, 0.42 to red; 2:4, 0.65 to vi. 
181 | 2:3, 0.45 to vi 

176 | 8:5, 0.30 to red 
.183 | 5:8, 0.30 to vi. 

174 No companion 
176 | 0:3, 0.05 to vi. Probably too faint 
166 2:4, 0.31 to red 
170 | 3:3; 0. 30 to red 
176 3:3, 0.30 to vi. 

.182} | No companion 
No companion 

176 S34, 0. 41 to red 

180 4:5, 0.41 to vi 

179} | 1:4, 0.08 to red 

171% | 3: 3, 0.67 to vi. Too distant 

169 | No companion 

177} | 1:2, 0.37 to vi. 

179 | 3:4, 0.19 to Vi; 2:4, 0.54 to red 
.176 2:4, 0.14 to vi.; 1:4, 0.43 to red 
.183 No ¢ companion 
.186 1:4, 0.14 to Vi.; 0:4, 0. 26 to red 
183 1:3, 0.06 to Vi.; 2:3, 0.17 to red 

170 | No companion 
181} | No companion 
.183 3:4, 0.25 to Vi.; 4:4, 0.51 to red 
180} | 4:4, 0.51 to Vi.; 1:4, 0.22 to red. 

Probably neutral 

175 No companion 
.179 0:3, 0.14 to vi. Too weak? 
0.13 tO V1; 0:3, 0. 37,to red 

167 pe to red 
179 4:4, 0.20 to vi. 

1614 | No companion. Double in sun ? 
173} No companion. 

176 1:3, 0.12 to red 
£7 No companion 

1873 | No companion 
167 | 4:4, 0.22 to red 

171 414, 0.22 to vi 

176 | No companion 
172 | 0:3, 0.27 to red 
160 | No companion 

187} | 15:5, 0.18 to vi. 

165 | No companion 

171 | 2:5, 0.62 to red 

165 | 2:4,0.53 to red 

171} | 4:2, 0.53 to vi; 1:2, 0.58 to red 

176 2:4, 0.08 to vi. 

Cr; 2:5, 0.18 to red 


4924.950 .770 

38.997 | .8273 ¢ 
39.868 | .689 | a FS 
57-480 

57-785 .610 

66.270 | .104 
78.785 | .6143 

82.682 | .526 d 

85.730 | .502 

94.310 .134 a 

5002.044 | .881 

95.896 | .7283 

06 . 300 .134 

19.252 .073 a 

15.123 | .9593,  ¢ 

22.414 | .253 

28.308 | .1323 a 
41.255 .078 a 
41.930 . 762 a = 
50.008 | .827 a = 
51.825 | .641 a Be 
65 207 .O10 e 
68.944 .782 
74-932 -747 e 
79.409 a 

79.921 -7422 d 

83.518 | @ ii 
97-175 -992 
98.885 . 706 a 
I 5107.019 .454 a 
07.823 a .177 
300 | .137 d 

533 | -304) 169 

870 .6723 1973 

427 269 .158 
644 .482 .162 
020 . 846 a .174 
087 .Q17 a .170 
449 d .130 
67.678 | .492 a | .186 G 
91.629 .473 .156 

92.523 | .303 | subd . 160 i 
95.113 a .163 
95.647 | .472 -175 
5 202.516 . 342 a 
08.596 | .429 |...-----| -107 | 
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TABLE I—Continued 
Mount 
WILSON Remarks: RATIO OF INTENSITIES 
ROWLAND I.A. Group AA for AA’ for (COMPANION : LINE); SEPARATION; Etc. 
AND CLASS A; 4, at Ara, at 
1Atm | o.5Atm 
5208.77 .611 sub-d 165 | 5:2, 0.18 to vi. 
15.353 | -197 | sub-d 150 .167 No companion 
16.437 279 a 158 .160 No companion 
17.552 | .4003 ¢ 1453 | No companion 
27.043 .878 C 165 .174 2:3, 0.34 to Vi.; 5:3, 0.32 to red. 
Indeterminate 
27.362 190 a4 172 .174 3:5, 0.32 to Vi. 
30.030  .864 .166 235 No companion 
957. sub-d 165 .170 | No companion 
42.658 | .496 a 162 .164 No companion 
63.486 320 | sub-d 166 .176 No companion 
66.738 569 sub-d . 169 _180 | No companion 
69.723 540 at 183 185 No companion. Double in sun? 
70.558 | .358 a4 200 202 3:4, 0.12 to vi. 
73.339 | -178 | sub-d 161 .173 2:3, 0.22 to red 
73.558  .380 | subd 178 . 190 3:2, 0.22 to Vi. 
81.971 .804 | sub-d 167 179 No companion 
83.802 .634 168 180 1:6,0.48 to red. Neutral 
5302.480  .315 | subd 165 177. | No companion 
24.373 196 | sub-d 5 177 _184} | No companion 
28. 236 .044 at .192 .194 2:8, 0.28 and 2:8, 0.51 to red. 
Double in sun ? 
28.747 538 a4 . 209 210$ | Doubtful. May be blend. Several 
to vi. 
33.089 | .907 a4 182 .184 1:4, 0.24 to Vi. 
40.121 .946 | sub-d 5 Re 186 No companion 
41.213 030 a4 183 185 1:7, 0.12 to red. Relatively too 
weak 
65.069 | .862 e 207 196} | 3:5, 0.53 to red ; 
65.596 | .404 a .192 .194 5:3, 0.53 to Vi. 
7.669 455 e 214 204 No companion 
70.166 g6o e€ 206 202 1:6, 0.38 to Vi. 
71.734 | -405 al 239 . 241 4:3, 0.08 to vi. 
73.905 704 e 201 .194 No companion 
83.578 366 e 212 . 205 No companion 
93-375 | -184 d .1g! . 201 No companion 
97.344 135 a 2 211 1:7, 0.48 to red 
5404. 357 131 . 226 220 2:5, ©.33 to vi. 
05.989 | .780 a a 211 1:6, 0.44 to Vi. 
51.12 211 1:4, 0.30 to red 
15.416 | .189 e .227 217 No companion 
24.290 | .055 e 235 223 No companion 
29.911 . 2093 211} | 1:6, 0.19 to Vi.; 0:6, 0.15 to red 
34.740 527 a 213 .215 No companion 
45.259 .218 . 209 No companion 
47.130 | .921 a . 209 211 2:6, 0.33 to vi. 
55.834 614 a .220 222 2:4, 0.16 to vi. 
63.174 | .962 e .212 207 3:3, 0.32 to red 
63.494 272 .222 218 3:3, 0.32 to Vi. 
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TABLE I—Continued 


[RowLanp —I.A.] 


Mount 
WILSON _ Remarks: Ratio OF INTENSITIES 
ROWLAND I.A. Group SA for AA’ for (CoMPANION : LINE); SEPARATION; Etc. 
AND CLASS A, 4 at Aya. at 
1 Atm o.5 Atm 
5470.500 | .296 a . 204 .206 | 3:1, 0.28 to red 

76.77 5815, d . 202} | 1:3, 0.28 to Vi.; 5:3, 0.34 to red 

907-735 .522 a .213 No companion 
5501.683 | .4703| .2154 No companion 

07.000 | .784 a 216 .218 | No companion 

35.644 | .420 a 224 . 226 2:2, 0.58 to vi.; 0:2, 0.13 to red 

43.414 | .183} e . 2303 .222} No companion 

55.122 | .881 e . 241 . 233 No companion 

62.933 .712 .213 No companion 

63.824 610 d .214 .225 | 0:3, 0.09 to red 

65.931 . 230 No companion 

69.848  .633 | sub-d .224 No companion 

73.075 | .858 | sub-d 27 .227 1:6, 0.25 to red 

76.320 107. sub-d .213 .223 No companion 

86.991 772 | sub-d .219 No companion 

94.884 661 € 223 .214 | 4:1, 0.19 to vi. 

98.524 300 .224 .215 | 4:1, 0.19 to red 
5603.186 | .963 | sub-d 223 . 234 3:4, O.10 to Vi. 

15.877 661 | sub-d .216 .228 2:6, 0.36 to vi. 

24.769 561 sub-d . 208 . 220 1:4, 0.52 to vi. 

38.488 278 sub-d .210 . 220 No companion 
5659.052 .836 sub-d .227 | 334, 0.30 to vi. 
5075-575 | .352 b 223 .226 | Only air line, 1:3, near 

77.007 806 d . 201 .218 Only faint air lines near 

83.908 7074, d 200} .2173 No companion 

85.040 807 e . 233 223 No companion 

87.2 0593 2303 .2203 No companion 
6003.239 | .039 d 200 217 No companion 

08.186 | .967 e 219 . 209 6:4, 0.60 to red 

08.785 | .585 d . 200 .217. | 4:6,0.60to vi. Relatively weaker 

20.401 177 b? .22 .228 2:4, 0.17 to Vi. 

24.281 0603 220} 2103 | No companion 

27.27 059 b 215 219 No companion 

42.315 0084 . 2263 2163 No companion 

56.227 | 235 225 No companion 

65.709 | .492 b 217 222 No companion 

78.710 .481 e€ 229 219 2:5, 0.52 to red 
6136.82 6244 b 204} 210} | 3:8, 0.38 to red 

37-915 701 b 214 219 No companion 

48.040 8390 d 201 219 2:3, 0.09 to Vi. 

51.834 | .631 d 204 222 No companion 

57-945 | .732 b 213 216 No companion 

73.553 | .344 b 2 213 No companion 

80.420 2173, d 202} 220} | No companion 

91.779 568 b 211 216 | 6:9, 0.39 to vi. 

6200. 527 322 b 205 210 No companion 

13.644 439 b 205 210 No companion 

19.494 | .289 b 205 210 No companion 

30.943 734 b 2 -2%3 No companion 

2.856 6654, d .1903 | .2093 | No companion 
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TABLE I—Continued 


[RowLanpD—I.A.] 
Mount 
A WILSON REMARKS: RATIO OF INTENSITIES 
ROWLAND “AL Group A for AA’ for (COMPANION : LINE); SEPARATION; Etc. 
AND CLASS A, 4 at Aya. at 
1 Atm o.5 Atm 


209} | No companion 
2103 | No companion 
.193 1:5, 0.07 to Vi. 
. 205 No companion 
No companion 
210 2:5, 0.66 to red 
.2103 Only distant air line, 2:7 
255 Only air line, 2:5 on each side 
18. . 216 No companion 
.218 No companion 
. 20: No companion 
93. . 208 .212 No companion 
6400. 211 2:8, 0.32 to red 
08 . 23: No companion 
11.86; .673 | .207 | No companion 
21.5 362 No companion 
33. No companion 
6495 . 21; 993 | .22 Only faint air lines, 1:8 


6240.535 
52. 
54 
50.5 
65.; 
98. 

6301.7 


im 


tom 


because they are the only lines for which the effect of pressure can 
be approximately eliminated before applying the test for the effect 
which is under investigation. 

Column I of Table I contains the wave-lengths from Rowland’s 
Preliminary Table of Solar Spectrum Wave-Lengths. Column 2 
gives the laboratory wave-lengths of the same lines, at atmospheric 
pressure, on the International system. The method by which 
these were derived will be given in detail below. The values AX 
give the differences (column 1—column 2). Column A)’ gives the 
corresponding differences of wave-lengths after the International 
wave-lengths have been reduced to a pressure of 0.5 atmosphere. 
The reason and details for this reduction will be given later. In 
the last column are given such detailed remarks as will enable judg- 
ment, for each line separately, as to whether it comes within the 
possible or probable influence of other lines. 

For column 2, the International secondary standards were 
adopted without modification. In order to include additional lines 
on the International system, but lines which are not standards, a 
comparison was made between the wave-lengths of Burns,’ obtained 


t Lick Observatory Bulletin, No. 247 (1913). 
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near sea-level, and those of St. John and Ware," obtained in Pasa- 
dena and on Mount Wilson. For the purposes of this comparison 
the lines were separated according to their behavior under pressure, 
using the classification of Gale and Adams? with the addition by 
St. John and Ware,’ and only those lines common to the two 
observers were taken for which the group according to behavior 
under pressure was known. The results of this comparison are 
summarized in Table II. The unit is 0.001 angstrom. The sub- 


TABLE II 


Group and Class Mean A (Pasadena — Burns) (Mount Wilson — Burns) 


4332 | | 73) 
5406 5450 lng .O,, 
6026 } 7 


5061 | 


| 
+ | 2 . 226 


scripts give the number of lines included in the means. The sepa- 
ration, in the individual groups, according to wave-length was made 
in order to see whether Gale and Adams’ law of increase of pressure- 
displacement according to the cube of the wave-length (for Fe) 


* Astrophysical Journal, 36, 34, 1912; ibid., 39, 14, 1914; Mt. Wilson Contr., 
Nos. 61 and 75. 


2 Mt. Wilson Contr., No. 58; Astrophysical Journal, 35, 15 and 31, 1912. 
3 Mt. Wilson Contr., No. 61; Astrophysical Journal, 36, 33, 1912. 


| 

21,34 | 4987) | 

d 5933 — 0.713 \ —O. O10 | 

a pe 5174 5150 + 1.13 +0. 446 i +o .6,, 

bi 4287 | — 0.710 ) —0.3; | i 

b2 4272 | — 0.5: | +0.52 | =< 

b b 3 43054750 | + 0.20} —O.3,, | | —O. 22, = 

b4 4359 | + 0.7; | +4.0: | ey 

b 5236 — 0.422} —0. 

C2,4 4550 | 0.70\ —t.40\ 

| 479° + 0.415 9° 733 -0.84 
C5 4840 2. 6s 
sub-d 5400 +o.1,, —O. 5:3 

d d $775 993° 
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applies to the differences under consideration here. The table does 
not show, with any degree of definiteness, such a relationship, and 
accordingly the results were combined into means irrespective of 
wave-length. Reference to this point will be made again farther on. 

Evidently systematic differences exist between the wave-lengths 
of Burns and those of St. John and Ware. Burns (oP. cit., p. 28) 
had also made a comparison of his wave-lengths with the first list 
by St. John and Ware, and had drawn the following conclusions: 
‘“*My measures are in good agreement with the values of St. John 
and Ware in the case of lines for which these observers find the same 
wave-length on Mount Wilson as in Pasadena. In cases where 
they find a difference between the mountain and sea-level, my 
measures are in excellent agreement with the wave-lengths found 
on the mountain, although my observations were made at sea- 
level.”” The progressive trend of the quantities in Table II, in 
both of the columns (Pasadena—Burns) and (Mount Wilson— 
Burns), seems to establish a fairly definite relationship between 
these systematic differences and pressure-shift. The relative shift 
between groups e and d is, for (Pasadena— Burns), 0.014 A, and, 
for (Mount Wilson—Burns), 0.003 A. This indicates, in regard 
to the effective pressures in the arcs, that Burns’s arc was inter- 
mediate between the other two, and roughly about one-fifth of the 
way from that of Mount Wilson. 

In order to account for this apparently anomalous result it 
seems necessary to take into account the internal pressure in the 
arc as well as the external (atmospheric) pressure. I quote from 
some recent work of Goos: 


My observations with different sorts of iron arcs now show that, with the 
same external pressure—atmospheric pressure—on plates from different parts 
of one and the same arc, further by change of current, arc length, etc., line- 
shifts occur which are of the same order of magnitude as those observed by 
St. John and Ware. I would like to offer as an hypothesis at this point that 
these shifts are due in part to pressure differences; that higher pressures pre- 
vail at the negative pole than in the middle of the arc and at the positive pole; 
and that with larger currents the pressure within the arc increases. This is 
because with larger currents more iron vaporizes, the vapor density becomes 
greater, and a pressure arises in the inner parts of the arc.' 


* Astrophysical Journal, 38, 141, 1913. 
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If the existence of such variations in the internal pressure of the 
arc be granted, then it follows also that even for the same observer 
moderate differences in the effective pressure for the separate spec- 
trograms are possible, unless greater precautions are taken than have 
hitherto been considered necessary. As the entire region of spec- 
trum under discussion here, and with the dispersion employed, 
requires not a single plate but a series of plates, moderate irregu- 
larities in the relative effective pressure differences between Burns 
and St. John and Ware might easily arise and thus disturb the 
smooth progression according to group in the differences (Pasadena 
— Burns) and (Mount Wilson— Burns), and in addition mask such 
effects as variation of pressure-shift as a function of the wave- 
length. In this fact, combined with the concentration in one or a 
few small regions of the spectrum, may also lie the real cause of the 
apparently marked separation of group sub-d from group d in 
Table II. In this connection it may be well to indicate another 
direction in which the accordance is incomplete. Table II gives 
for the relative displacement of group e to group d the ratio 3:2, 
while the measures of Gale and Adams give 2:3. 

At present no criterion is available for adjusting the wave- 
lengths of Burns, Pasadena, and Mount Wilson to a standard 
effective pressure, and where the external pressure is 1 atmosphere. 
For the main purposes of this article no serious inaccuracy will be 
introduced by reducing the Pasadena and Mount Wilson wave- 
lengths to those of Burns as outlined in Table III, and in each case 


TABLE III 
CORRECTIONS APPLIED TO REDUCE TO BURNS 


Group Pasadena Mount Wilson 


combining with equal weights the mean of the values thus obtained 
for Pasadena and Mount Wilson with the wave-length obtained by 
Burns. As far as possible, lines of groups e and d will be employed 
only in an auxiliary way when used in combination with lines of 
groups a, b, and c. 


| 
hae 
4 
a, b,c, and sub-d...........| .000 A 
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Column A)’ in Table I was obtained as follows: On the basis of 
a previous investigation on Rowland’s wave-lengths (not yet pub- 
lished) it was found that the pressure in the solar reversing layer 
in which the Fe Fraunhofer spectrum originates is 0.5 atmosphere, 
relative to an assumed pressure of 1 atmosphere for the I.A. second- 
ary standards. That this relative pressure of 0.5 atmosphere is 
essentially correct will be amply established later in this article. 
The laboratory wave-lengths \;4. correspond approximately to a 
pressure, external to the arc itself, of 1 atmosphere. The effective 
total pressure to which they correspond is at present unknown, and, 
besides, it is probably not strictly uniform over the entire length 
of spectrum covered. An effective pressure of 1 atmosphere is the 
best preliminary assumption that can be made for Ay4.. These 
wave-lengths were reduced to a pressure of 0. 5 atmosphere to render 
them approximately homogeneous with Rowland’s wave-lengths in 
the sun—except for the systematic differences between the two 
systems. This was done by applying to each line for which Gale 
and Adams had indicated the amount of displacement for given 
pressures a correction equal to +3A per atmosphere for lines of 
group e, and —3A per atmosphere for lines of groups a, }, c, and d, 
A being regarded as without sign of its own. In cases where the 
3A per atmosphere for the individual lines could not be obtained 
directly from the measures of Gale and Adams, these quantities were 
taken from Table IV. The values in this table were derived from 


TABLE IV 


Corrections 34 PER ATMOSPHERE 


Group A 4000 A 4350 A 4700 A 5000 A 5300 A 5650 A 62900 
+.003 | +.004 + .005 + .006 + .007 + .009 + .o10 
—.00I | —.OOI — .002 — .002 — .002 — .003 — .003 
—.oo1 | —.0o1 — .002 — .002 — .002 — .003 — .004 
Didlann daw a. — .002 — .003 — .004 — .005 — .006 — .007 — .009 
d and 5 — .008 — .O12 — .O15 — .O17 
auted | 005 007 00 .O10 I 5 7 


the lines of known displacement, in part by actual means and for 
separate regions of the spectrum, and in part by the application, 
to the means, of the law of variation with the cube of the wave- 
length which was found for the iron spectrum by Gale and Adams. 
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DERIVATION AND DISCUSSION OF RESULTS 


The choice, from Table I, of the lines which should contain a 
Julius effect—if there is really such an effect—was made a separate 
piece of work in which no reference was made to columns Ad and 
Ad’. In fact these two columns had been formed on a separate 
sheet, and thus one could not thereby be subconsciously influenced 
in the decision for or against the probability of a Julius effect. The 
lines selected are given in Tables V and VI, separated according as 
the companion line is toward the red or toward the violet in the 
solar spectrum. The actual basis on which this selection was made 
can readily be seen from the detailed remarks for each line in Table I. 
The companion lines need not necessarily be stronger lines, but must 
only be of sufficient strength and proximity. The essential require- 
ment in making such selections is that the adopted principle of 
selection be reasonably definite, and that it be adhered to as rigidly 
as the conditions allow. At the conclusion of the investigat on the 
writer re-examined, in Rowland’s tables, the lines listed in Table I 
in order to learn to what extent a choice made at that time would 
differ from the lists given in Tables V and VI. It was found that 
with the possible exception of two or three lines the identical selec- 
tion would have been made. 

The weights for the individual lines were assigned entirely on 
the basis of the intensities, the relative intensities, and the separa- 
tion from the companion lines. For only two of the lines retained, 
\ 6008 and \ 4227, does the separation appreciably exceed 0.5 A. 
For the former it is 0.6 A, and the intensity of the companion line 
is 50 per cent stronger than that of the line; for the latter the sepa- 
ration and relative intensity of the companion line are respectively 
o.7 A and 500 per cent. All lines with separation close to or 
greater than o.5 A were placed in the class of smallest weight. 

The systematic differences between the Rowland and the Inter- 
national systems," for the iron spectrum, are obtained from a graph 
with wave-lengths as abscissae and the values AX’ as ordinates. 
Fig. 1 is a reproduction of this graph. The quantities AX’ are 

' As the greater part of the material forming the basis for this article is taken from 
an investigation on the Rowland system, which has not yet been published, a more 
complete discussion of the systematic differences between the Rowland and the Inter- 
national systems is reserved for another article. 
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TABLE V 


A A 

3705.708.. 2: 9 0.14 I + .007 at 

3735-O14.. 4:40 0.47 $ + .004 bi Doubtful ? 

3743-508... a: 6 0.12 I + .006 bir | 

3834. 304. . 4:10 0.14 I + .009 b1 And 3:10, 0. 36 to vi. 

3907 -547.. 2: 4 0.09 I + .0oo1 b4 | And 1:4, 0. 29 to vi. 

4191.595.. 3: 0.25 I + .o11 aorb 

4204.101.. a3 0.06 2 + .048 b3 | And 2:3,0.37tovi. 

4210.404.. 3: 4 0.07 | 3 “+027 C5 

4337-2106.. 0.51 } + .002 b3 

4454.552.. 5: 3 0.40 | I + .003 b3 

4461.818.. oa 0. 36 I + .008 a3 | And1:4,0.45tovi. 

4476.185.. a: 4 0.07 3 + .008 b4 

4489.9I1.. 3: 4 0.34 «#1 + .004 a3 

4037.685.. 4: 5 0.51 + .004 d? 

4679.027.. 0.38 I + .005 C4 

4707 .457.. 0.22 I + .006 C5 

4727.582.. 2: 3 0.09 2 + .003 d? 

4938.997.. 0.42 + .005 And 2:4,0.65 to vi. 

4957 .480.. 8: 5 0.30 2 + .003 

4982.682.. $: 4 0.31 I + .013 d 

4985 .432.. 0.30 I + .009 

5005.806.. 5: 4 °.41 I + .002 c 

252... 0.08 — .002 a 

5107.619.. 4: 4 0.20 2 + .008 a 

5125.300.. 0.12 I — .002 d 

5139.427.. 0.22 2 + .006 

5195.113.. 2: 4 0.53 2 + .006 a 

5208.596.. 5 0.18 | o Cr line; weight o— 
“group” is unknown 

5273-330. . 0.22 I + .004 sub-d 

5328. 230.. 2: 0.28 — .007 at | Double in sun? 

5365 .0069. . 0.53 .000 e 

§463.174.. 0.32 I + .009 And 1:3, 0.47 to vi. 

5470.500.. 28 2 + a 

5476.778.. | 0.34 2 + .o15 d And 1:3, 0. 28 to vi. 

5598.524.. 4: 1 0.19 3 + .008 

6008. 186. . 6: 4 0.60 + .o12 é 

6078.710.. 0.52 — .002 

6136.829.. 3: 8 0.38 I + .004 b 

6400. 217.. a: 0.32 + d 

45.5 


Fe LINES WITH COMPANIONS TOWARD THE RED IN THE SOLAR SPECTRUM 
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5107. 
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Rowland 
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069 
729 
281 
o58. 
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TABLE VI 


Fe LINEs with CoMPANIONS TOWARD THE VIOLET IN THE SOLAR SPECTRUM 
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Group 


a 
b 
b 
b 
by 

aorb 


I 
I 
I 
I 
I 
I 
I 
bi 
I 
I 
I 
4 


sub-d 


349 


Remarks 


2:9,0.46 to red 


And 1:1, 0.17 to red 


And 2:5, 0.30 to red 


And 3:10, 0.46 to red 


And 1:4, 0.13 
same side 


on 


And 1:2, 0.26 on 
same side 


And fainter line on 
each side 


And 2:5, 0.47 to red 


Mn, weight o— 
“group” unknown 


54 to red 
43 to red 
.51 to red 
37 to red 


And 1:2, 0.58 to red 


= 
A 
3: = 2 | —.014 
5:30 3 + .003 
8: 6 2 — .008 
10: 3 | —.008 
3: I 000 = 
3: I 000 oe 
6:1 — .004 a 
= I + .006 
836. i + .002 
843. 6: 2 + .003 rs 
e606. 20: | ds es 
4233.772.. 4: 6 | +.002 
4291 .630. 2: 2 | I + .007 a 
2: 5 | —.005 | b2 
o81..| 3:6 | —.000 | br | 
262..| : | my. 12 bs 
871... 06 | | ¢4 
482. .| 22 000 a3 
300. . | 24 +.002 | 
S40. 13 —.0o10 | ¢4? 
| 
003. .| : 28 I | 
8409. .| 32 I — | ¢4 
332..} 22 } —.006 | ¢5 
407.. roe) 2 — | 
868. . | 45 — .002 a 
. 30 —.0044 | ¢5 
. 730. .| +.003 | ¢ 
300. 41 I — .002 
55. 19 I — .002 | a And 2:4, 0 
30. .| 14 I + .001 | a And 1:4, 0 aa 
. | 25 —.006 | a And 4:4, 
85..| 13 } —.005 | a And 0:3, 0 wert 
20 2 — .004 | a 
144. .| 22 2 +.002 | ¢ 
178. I 18 3 | | 
047.) 2 | | 
516. 8 2 — .006 a 
| 18 — .006 
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TABLE VI—Continued 


Ratio of T. Reduce Po} 
ARowland Intensities — Weight To Ruel ees Group Remarks 
(Comp. : Line) 

A A 
§227.362.. 0.32 I — .003 a4 
5270.558.. 0.12 2 — .020 a4 
5273-558 4: 2 0.22 2 — .O14 sub-d 
5333-080 1: 4 0.24 + .005 a4 
5305. 596 0.53 + .003 a 
5371-734 4: 3 0.08 3 — .042 at 
5404. 357 2: 0.33 —.O12 
5447. 130 2: 6 0.33 + .003 a Double in sun ? 
5455.834 2: 4 0.16 2 —,.007 a 
5493-404 3: 3 0.32 I 002 é 
5594.884 4: 1 0.19 2 + .009 € Measured only by 

Burns with large 
probable error 

5603.186.. 0.10 2 sub-d 
§615.877.. 2: 6 0. 36 I — .004 sub-d 
5659.052.. } — .003 sub-d 
6020.401.. ae | 0.17 I — .008 b? 
6148.040.. a 0.09 2 — .005 d 
6191.779.. 6: 9 ©.39 I — .004 b 
6254.4506.. 0.07 } + .017 b Doubtful 
— .0066 
Sum of weights ..... 81.5 
Straight mean ........... 
64 


plotted as crosses. For purposes which will become evident later, 
the values Ad are also plotted, being represented in the graph by 
dots. Of the crosses, those representing lines which have com- 
panions toward the red in the solar spectrum (Table V) are provided 
with a semicircle, a circle, or two concentric circles, according as 
the adopted weight is 3, 1, or 2 and greater, respectively. Similarly, 
lines with companions toward the violet in the solar spectrum 
(Table VI) are accompanied by half a square, an entire square, or 
two squares. 

The curve in Fig. 1 (for the quantities AX’) represents the syste- 
matic difference, as adopted for this investigation, between the 
Rowland and the International systems. It was originally drawn 
to represent best the normal places formed from the lines of groups 
a and bd alone, because these lines, being only slightly affected by 
pressure, may be regarded as practically independent of a moderate 
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uncertainty in the adopted pressure difference of o.5 atmosphere 
between the two systems of wave-lengths. However, a later close 
inspection of the points showed that no material change in the 
position of the curve results when the lines of groups c, d, and e are 
also included. 

To anticipate somewhat, two facts stand out quite prominently 
in the graph. First, the correction of the wave-lengths in the 
International system to a pressure of 0.5 atmosphere has brought 
in toward the curve the lines which are strongly affected by pres- 
sure—namely, those of groups c,d, ande. Without the application 
of these corrections, the lines of groups.c and d are decidedly below 
the curve, and those of group e are above the curve. This ‘‘draw- 
ing in”’ of the points toward the curve is gratifying, as it shows that 
the reduction of the wave-lengths in the International system to 
a pressure of o. 5 atmosphere has made them practically homogene- 
ous with Rowland’s wave-lengths in the sun—except, of course, for 
the systematic differences between the two systems as represented 
by the curve. Secondly, the separation, to the two sides of the 
curve respectively, of the circles and squares is quite pronounced. 
It is also evident that this separation of the circles and squares from 
each other is not dependent upon any particular position of thecurve. 

Column 5 in Tables V and VI gives the corrections which must 
be applied to reduce the points AX’ to the curve. This column 
furnishes the evidence required for our problem. 

Column 5 in Table V contains only four negative values and one 
zero in a total of 38 lines. This strong preponderance of positive 
quantities shows that lines which have companions toward the red 
in the solar spectrum are systematically shifted toward the violet. 
The weighted mean, +0.0094 A, may be somewhat too high. If 
we were to omit the abnormally large value of +0.048, and reduce 
to weight 1 the relatively large value of +0.027, we should obtain 
for the weighted mean the value +0.0069. It seems that 0.007 A 
may be a fair approximation to the true displacement toward the 
violet, at A 5000, for a mean ratio of intensities of 3:4," and a mean 
separation of 0. 24 A. 
' These are not actual means of intensities but merely relative values of the 
intensities of companion line and line. 
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Table VI shows with nearly equal certainty that solar lines 
having companions on their violet sides are shifted toward the red. 
The weighted mean is —o.0066 A. One value, —o.042, seems 
abnormally large. If this be omitted, the weighted mean reduces 
to —o.0052 A. Possibly 0.005 A may be not far from the true 
displacement toward the red, at A 5000, for a mean ratio of inten- 
sities of 8:9, and a mean separation of o. 21 A. 

We note that the displacement is greater in amount when the 
companion is toward the red than when it is toward the violet. It 
will be recalled that this is one of the requirements of the anomalous- 
dispersion theory, and I judge that the relative values of the dis- 
placements in the two cases are about what would be expected. 
The displacements being appreciably smaller for companion toward 
the violet would also account for the fact that in this case 26 per 
cent of the lines give values of opposite sign from the mean, while 
for companion toward the red only 11 per cent have opposite sign. 

The weights which were assigned to the individual lines may be 
regarded as in part a measure of the certainty with which the 
Julius effect should be shown according to separation and ratio of 
intensities, and in part as a very rough indication of the magnitude 
of the effect. Naturally we should expect the displacement to be 
greater when the separation is small than when it is large. So also 
the certainty of such an effect (if it exists at all) is greater when the 
companion line is relatively the stronger. At the same time it is 
quite evident from Tables V and VI that the effect shown is not 
dependent upon the adopted system of weighting. 

When the lines are grouped according to the separation from 
their companions and the direct means taken, we obtain the results 
given in Table VII. The subscripts indicate the number of lines 


TABLE VII 


MEANS—DISPLACEMENT ACCORDING TO SEPARATION FROM COMPANION 


SEPARATION 


LINES WITH | 
0.0too0.2A 0.2t00.4 o 4 and Greater 


Companion toward the red........ O10311 + .006517 + 003610 
Companion toward the violet........... . 007324 — .00243 — .O0010, 


Displaccment 


n°) 
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included in each mean. The decreasing displacement with increas- 
ing separation is quite definitely shown and justifies, a posteriori, 
the increased weight with diminished separation. For the lines 
with companions toward the red the mean separations are respec- 
tively 0.11, 0.30, and 0.49 A, and for the lines with companions 
toward the violet, 0.12, 0.28, and o.50 A. If the values in Table 
VII are plotted as ordinates, with the mean separations as abscissae, 
we obtain curves a and 6 in Fig. 2. These curves represent first 
approximations of the relations between the amount of displace- 
ment and the separation of the line from its companion. Curve a 
gives the amount of displacement toward the violet, for separations 


| } | 
+ + + +--+ | | + 
+ + + -+ + 
| | 
+ + + + + + t } + + t + + T + 4 
| | | | | | 
4 x = 
if | | 
|_| 
° I 2 3 4 5 6 7 


Separation 


Fic. 2.—Displacements according to separation from companion 


between o.1 and o.5 A, for lines which have companions toward 
the red. Curve 0 gives, for lines with companions toward the violet, 
the amount of displacement toward the red, between the same 
limits of separation. An extrapolation of the curve toward the 
right indicates that we may expect the effect of companion lines 
to be inappreciable at separations of 0.7 A and greater. With a 
view to determining roughly these extrapolated portions of the 
curves, Table I and Rowland’s table were gone over again and 
additional lines were selected with separations between o.5 and 
o.7 A. The values thus obtained are plotted in Fig. 2 at 0.58 
and 0.61 A. These must be regarded as quite uncertain, but if 
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given any weight at all, they would indicate that the Julius effect 
becomes inappreciable at a somewhat smaller limit than o.7 A, 
especially for lines with companions toward the violet. It seems 
not improbable that for large separations both the intensity and 
the relative intensity of the companion line become relatively more 
important factors. In the near future we may expect a sufficient 
amount of additional material to become available to warrant mak- 
ing a closer approximation of the quantitative relation between dis- 
placement on the one hand and separation and intensities on the 
other. 

As in Tables V and VI, so also in Table VII, the displacements 
are smaller in amount (disregarding signs) when the companion line 
is toward the violet than when it is toward the red. In Table VII 
this is seen to be true within each of the limits of separation. 

In Table VIII are given the displacements, taken from column 
5 of Tables V and VI, separated according to pressure groups. 
This table gives, both in the division for lines with companions 
toward the red and in that with companions toward the violet, a 
mean displacement which is practically the same for all groups. 
This shows that, first, the preliminary value of 0.5 atmosphere 
which was found for the pressure in the reversing layer of the sun 
where the Fe lines originate, and, secondly, the pressure displace- 
ments per atmosphere (in the mean) which were found by Gale 
and Adams, are close approximations to the correct values. It was 
the writer’s original intention to make a second approximation of 
the pressure in the solar reversing layer at the conclusion of this 
investigation, but in view of the good agreement found above, this 
seems unnecessary at the present time, especially as additional 
material may be expected to become available in the near future. 

The evidence adduced above is quite definite as to the observed 
facts. These are: Fraunhofer’s lines, as given in Rowland’s tables, 
are displaced when they have close companions; the displacement 
is (a) toward the violet when the companion line is toward the red, 
and (6) toward the red when the companion is toward the violet. 
The displacement in (a) is greater than in (b), and in both it in- 
creases as the separation between the_lines diminishes. ‘This effect 
appears to be due to anomalous dispersion, and conforms very 
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closely with the theoretical requirements as developed by Julius, 
One other possible cause that suggested itself to the writer is per- 
sonality in the measurement of close pairs of lines. From the 
writer’s own experience in measurement this did not seem probable. 
In order to gather further evidence along this line from other 
observers, St. John and Ware’s' table of close pairs of lines was 


TABLE VIII 


From TABLES V AND VI, SEPARATED ACCORDING TO Group (IN UNITS OF 0.001 A) 


With COMPANIONS TOWARD THE RED With COMPANIONS TOWARD THE VIOLET 
a b C d | e a b c | d e 
+ +11 | + 6] +15 | — 2 
—7/+2/+6/+4| +6/+2| 
i+ 8 3 
+ 4 
6); — 2) 
5 8 | 
—16 | +17 
— 6} 
| 
— 20 | 
+ 5 | 
| | 
3 
| | 
+ 2 
Means... .| +8.6) +7.9) +5.4) +5.4) —5.2| —2.9| —3.8) —6.6) —o.2 
No. of lines 8 | 10 8 7 | § | 15 | 10 9 | 6 


taken and corresponding columns added for Burns. An inspection 
of this table does not disclose any pronounced personal differences 
between the four observers in the measured differences of wave- 
length between the components of the pairs. Although, taken by 
itself, this does not entirely remove personality in Rowland’s 
measures as a possible cause, it nevertheless places the chances 


t Astrophysical Journal, 39, 23, 1914. 
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against this as the cause. However, the principal objection is that 
it would be especially difficult to explain, on this ground, the 
observed inequality of the displacements for the two components. 

It will be recalled that the investigation by Julius and St. John 
(op. cil.) on St. John’s measures of the Evershed effect led to oppo- 
site conclusions as to the presence in those measures of an effect 
due to anomalous dispersion. Julius found that such an effect was 
superimposed upon the Evershed effect. By a different choice of 
lines and a somewhat different treatment of the data St. John found 
that the Julius effect vanishes. It was thought of interest to apply 
to the lines which were chosen by Julius and added by St. John 
(without referring to St. John’s complete original list) the conditions 
of selection which were used in the present investigation. When 
this was done and those lines were eliminated which are indeter- 
minate, the results summarized in Table IX were obtained. St. 

TABLE IX 


CHANGE IN THE EVERSHED EFFECT 


Companion to Red Companion to Violet 


| 

| 

| 


38 original, = weight 47 —.0026 | 34 original, = weight 44 +.0012 A 

19 additional 19 +.0019 | 17 additional 20 

Weighted mean, 66 —.0013 | Weighted mean, 64 +.0005 


John’s residuals were used for this purpose. The final weighted 
means for companion to red and companion to violet are in the 
direction required by the Julius effect, though the numerical values 
are so small that they cannot—taken by themselves—be accepted 
as a definite indication of the effect. 


SUMMARY AND CONCLUSIONS 


According to the theory of anomalous dispersion as developed 
by Julius, Fraunhofer lines which are separated from each other by 
only very short distances (about 0.5 A or less) should produce 
mutual displacements of the lines, the violet and red components 
of a pair being displaced in opposite directions, the former somewhat 
more than the latter. Rowland’s Preliminary Table of Solar Spec- 
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trum Wave-Lengths forms a suitable basis with which to make a 
test for this effect. In the test made (which is necessarily prelimi- 
nary, the Fe lines alone were employed, the chief reasons for thus 
restricting the data being the following: (a) For these lines well- 
determined laboratory wave-lengths are available for the necessary 
comparisons. (b) As spectrum lines are affected selectively by 
pressure and as it is desirable to eliminate the unequal pressure 
effects, the data were further restricted to those Fe lines which had 
been classified according to pressure-shifts. 

The principal results derived are: Lines with close companions 
toward the red in the solar spectrum are shifted toward the violet, 
and lines with close companions toward the violet are shifted toward 
the red. The displacement varies in amount with the separation 
of the lines, though for all separations it is greater when the com- 
panion line is toward the red than when it is toward the violet of 
the line. For a mean separation of 0.22 A the displacements are 
respectively 0.007 A and o.oo5 A. These facts are in accord with 
the requirements of Julius’ theory, and they seem definitely to 
establish the operation of anomalous dispersion in the sun. 

Additional results and conclusions are: (1) A method is devel- 
oped by which Rowland’s Preliminary Table of Solar Spectrum 
Wave-Lengths is made available for comparison of sular wave- 
lengths with the best recent laboratory wave-lengths. As was also 
shown by Gale and Adams, Rowland’s tables of wave-lengths are 
still too valuable to be discarded. By the development of a method 
of connecting laboratory wave-lengths with solar wave-lengths, both 
are made available for the study of various solar and stellar prob- 
lems. (2) The Mount Wilson classification of spectrum lines 
according to behavior under pressure is confirmed. (3) It was 
shown that the pressure in the solar reversing layer where the Fe 
Fraunhofer lines originate is 0.5 atmosphere. (4) As a direct con- 
sequence of the progressive variation in intensity of lines in stellar 
spectra—some lines gradually disappearing and new lines coming 
in and increasing in strength as we proceed from type to type, 
thereby causing neighboring lines to change very markedly in 
relatively intensity, some lines gradually losing companions while 
others gain them—anomalous dispersion becomes one of the causes 
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producing the changes of wave-length which are progressive with 
the stellar spectral type. 

This investigation shows (as was shown before) that the detailed 
study of spectrum lines according to their behavior under pressure 
marks a distinct step in stellar spectroscopy. When eventually 
standard wave-lengths are referred to a standard pressure, a long 
step will have been taken toward facilitating the problem of deter- 
mining the pressure in stellar atmospheres, especially in the stellar 
spectral types A to M. This seems clearly foreshadowed owing to 
the differential separation—from a mean curve—of the lines of the 
different pressure groups when the pressure is varied. The process 
of determining the pressures will be similar to the processes that 
were employed in determining (a) the pressure in the solar reversing 
layer relative to that of the International secondary standards, 
and (b) the relative pressures in the arcs of Burns and of Mount 
Wilson and Pasadena. 


DupDLEY OBSERVATORY 
ALBANY, N.Y. 
March 30, 1915 


THE STARK EFFECT AND ATOMIC STRUCTURE 
A CRITIQUE OF CERTAIN RECENT WORK 
By GORDON S. FULCHER 


In the autumn of 1913 Stark discovered that when certain 
spectrum lines are emitted in a strong electric field they are very 
markedly affected. A low-dis persion spectroscope shows Ha resolved 
into three polarized components, Hf into four, Hy into five, etc. 
The diffuse series of helium and lithium are also similarly ana- 
lyzed. The relative position and intensity of the components 
as observed in a rough analysis are approximately indicated in 
Fig. 1. The p-components are polarized parallel to the field; the 
s-components at right angles to the field. Investigation made later 
by Stark with a very remarkable spectrograph combining con- 
siderable dispersion with great light-gathering power showed that 
the components just noted are all complex. The total number 
of components observed in this fine analysis varied from 18 to 
28 for different H lines. The details will be presented later. 

Since these spectrum lines are usually emitted in an electric 
field, it seems strange that the Stark effect has escaped detection 
for so long. In fact Lo Surdo did observe it immediately in front 
of the cathode in a capillary discharge tube, and the Lo Surdo 
arrangement is the most convenient for qualitative observations. 
But Stark’s technical knowledge of canal-ray phenomena was 
necessary to overcome the experimental difficulty of securing the 
intense emission of light in a constant field of about 50,000 volts 
per cm, so that the effect could be studied quantitatively. To 
him and to his co-workers we owe most of our knowledge of the 
effect of an electric field on the frequencies of light emitted in it, 
and to him rightly belongs the honor of the association of the 
phenomenon with his name. 

The extraordinary number of data accumulated during the 
eight months immediately following the discovery are summarized 
and discussed in the Elektrische Spektralanalyse chemischer Atome,' 


* By J. Stark; 138 pp. and 4 plates (Leipzig: S. Hirzel, 1914). 
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which appeared last summer. The main experimental results are 
the following. 
MAIN EXPERIMENTAL RESULTS 

As in the case of the Zeeman effect, the polarization and number 
of the components depends on whether we look along the field 
or at right angles to it. The case where the direction of observa- 
tion is perpendicular to the field is the more important and is called 
the ‘‘transverse effect.”” The other is the “longitudinal effect.”’ 


A. TRANSVERSE EFFECT 


1. Diffuse series of H, He, and Li.—a) Polarization of compo- 
nents: The components polarized along the field (p-components) and 
those polarized at right angles (s-components) do not agree in 
number, position, or relative intensity in the case of H, but cor- 
respond more closely in the case of He and Li (see Fig. 1). 


HYDROGEN. Components 
Bae 
4102() 4341()) 4861 (/3) 6563(1) 

HELIUM 1. 

i -s 
35705 (6) 3820(5) 4026(4) 4472(3) 

LITHIUM . 

=: 
| | 
5916(5) 4133 (4) 4602(3) 


Fic. 1.—Stark effect for various series-lines. Rough analysis 


b) Separation of components as a function of field-intensity: 
Measurements on H and He lines show the separation to be directly 
proportional to the field. 

c) Symmetry of position of components: For H, the components 
are symmetrical both as to displacement from the original line and 
as to relative intensity, in the case of light from sources at rest. 
When the light comes from moving sources (canal rays), the 
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long-waved components are more or less intense than the short- 
waved components, according as the field is in the same or 
opposite direction to the velocity of the sources. Some He and Li 
lines show a distinct asymmetry both as to displacement and 
intensity. 

d) Resolution of various lines of the same series: Unlike the 
Zeeman effect, the Stark effect varies from line to line of the same 
series. Both the number of components and the maximum dis- 
placement of the outer components increase regularly with the 
term-number (see Fig. 1). 

e) Relative behavior of corresponding lines of H, He, and Li. 
There is a rough similarity, especially for the s-components of ali 
three, and for the p-components of He and Li (see Fig. 1). 

2. Other series of lines.—a) Sharp main and subordinate series 
of He and Li: The effect is much smaller than for the diffuse series. 
The separation, however, increases with the term-number as for 
the other series. 

b) Lines of other elements: Lines of Al, C, Ca, Hg, Mg, Na, and 
Th have been investigated. The effect was found to be small or 
practically nil. It appears that series lines of heavier elements are 
less affected than the corresponding lines of chemically similar 
elements of less atomic weight. The diffuse series of triplets of 
Hg show an appreciable effect. 

3. Band lines of H and N.—a) Earlier observations showed 
no effect for these lines. Later, however, positive results were 
obtained for some H band or rather compound lines. Some of 
these lines are unaffected; others instead of being resolved into com- 
ponents are shifted either toward the red or toward the violet. 
This merely emphasizes the complexity of this spectrum, in 
agreement with Dufour’s measurements of the Zeeman effect. 
Whether the shift is proportional to the field or increases more 
rapidly is as yet undecided. 


B. LONGITUDINAL EFFECT 


1. Diffuse series of H and He.—a) Components are unpolarized. 
b) Components agree in displacement and relative intensity 
with the s-components of the transverse effect. 
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C. WIEN MAGNETIC EFFECT 
An electric charge e moving in a transverse magnetic field of 
v 
strength H, experiences the well-known Lorentz force 4] which 


is perpendicular to both H and 2, and is equivalent to an electric 
force. Wien observed the light emitted by canal rays in a strong 
magnetic field in a direction at right angles to the velocity of the 
rays and found a resolution into components precisely like that 
obtained by Stark with an equivalent electric field. 


D. COMBINED STARK AND ZEEMAN EFFECTS 


Croze investigated the Zeeman effect for Ha in a capillary tube 
perpendicular to the axis of the magnet and got incomplete polariza- 
tion and too great a separation of the outer components. These 
results Stark explains as due to a superposition of the two effects. 
The interesting fact is that the components were still clearly 
resolved. More recently Garbasso' reports that while Ha is 
resolved into three components by either an electric or a magnetic 
field alone, the effect of both combined is a separation into four 
components, two polarized along the field due to the electric field 
and two polarized at right angles, due to the magnetic field, the 
central component due to each being absent. 


DETAILS REGARDING THE HYDROGEN COMPONENTS 


The mean shift—relative change of frequency per unit field 
and the relative intensity of each pair of corresponding components 
of the various hydrogen series lines have been computed from 
Stark’s measurements and are given in Table I. The means for 
each pair alone need be considered because of the evident symmetry 
of the components both as to position and relative intensity. 
Corresponding measurements agree usually to within 4 per cent 
for shift and 1o per cent for intensity. In the accompanying 
figures (Figs. 2 and 3) the relative intensities are indicated by the 
relative diameters of the circles. Components of the different 
lines which apparently correspond to each other are numbered alike; 


* Physikalische Zeitschrift, 15, 730, 1914. 
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Fic. 2—Components polarized parallel to the field. Fine analysis 
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Fic. 3.—Components polarized perpendicular to the field. Fine analysis 
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those polarized parallel to the field are denoted by P; those polar- 
ized at right angles to the field are denoted by S. Two groups of 
P- and S-components are distinguished. The field actually used 
by Stark was 74,000 volts per cm and the maximum displacements 
obtained were 11A for HS, 17A for Hy, and 22A for Hé. 

The fine analysis, as was stated above, resolves the few broad 
components of the rough analysis (shown in Fig. 1) into many more 
components. Thus the 26 components of Hé (13 pairs) are blended 
together so that only 8 (4 pairs) are seen with low dispersion, one 


pair each for the Pa-, Pb-, Sa-, and Sb-components listed in Table I. 


TABLE I 


RELATIVE INTENSITY 

COMPONENT 
H38(4861) Hy( 4340) H8(4102) Hs Hy Hé 
9.84 5.30 7.21 1.75 1.90 
2.66 4.43 6.22 1.50 1.03 1.40 
eee 2.00 3.50 5.28 1.06 0.79 0.75 
2.S3(") 4.24 0.31 0.23 0.81 
°.66 (?) (?) 0.19 (?) (?) 
° 3.11 ©.10 0.55 0.97 
° 1.18 0.33 0.67 
2.04 3.82 5.63 1.89 1.30 
1.50 2.90 4.54 2.03 1.74 
0.69 2.03 3.53 1.08 0.75 66 
° (?) (?) 0.62 (?) (?) 


Some regularities are immediately evident. 
1. The shift for the outer components (P1a) increases regularly 
with the term-number. Voigt suggested the formula 


An 
’ (1) 
and the formula 
An 
-= B m(m+2) (2) 
nE 


also fits the observations quite closely, as shown in Table II. 
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2. The difference between the shifts of successive components 
(Pia, P2a, P3a, etc.) is approximately constant for each line, 


TABLE II 

Line and Term-Number Ha(2) HA(3) Hy(4) Hé(s) He(6) Mean 
An 
nE (observed) X 108... ... 5.30 10.4 
An 
. 1.95 1.96 2.29 2.01 2.05 
An 
2.19 2.09 2.2% 2.06 2.57 2.13 


increases regularly from line to line with the term-number, and is 
roughly equal to Pia divided by (m+2), as shown in Table III. 


TABLE III 
HA(3) Hy(4) Hé(5) 
28... 0.48 0.87 ©.99 


Pia+(m+2)......... 0.63 0.88 | 1.03 


We have, then, apparently, (m+ 2) Pa-components, spaced regu- 
larly at a distance of 0.213X107* m apart. So our formula (2) 
above may be generalized to include all the Pa-components to 


An 
(Pa-components) 10~°[m(m-+2)—m(p—1)] (3) 
when /p is the number of the component and varies from 1 
to m+3. 

3. Further investigation discloses similar regularities through- 
out. The positions of the components may all be represented 
within the apparently rather large experimental uncertainty, by 
the following equations, in which m stands for the term-number of 
the series line, and p and s each stand for the number of the com- 
ponent in a group of P- and S-components respectively. 
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Pa-components: 


An 


13X 109m (m+ 2)—m(p— (3) 
205X107 (4) 
Pb-components: 
An 
(5) 
nE 
08 X (m—3)(m) —(m—2)(p—1)] (6) 
sk 
Sa-components: 
An 
109m? —m(s—1)] (7) 
05 X (8) 
nE 
Sb-components: 
An 
10 [(m—3)(m)—(m—1)(s—1)] (9) 
8X 1079[(m— 3)(m—1)—(m—2)(s—1)} (10) 
3)( I 2)(s 10) 


The present data are not sufficiently accurate to decide between 
these alternative equations. For simplicity we should naturally 
choose either all the odd or all the even as then the number of 
constants is least and the equations are most closely related. To 
show how accurately the components may be represented by these 
equations, full lines have been drawn in Figs. 2 and 3 connecting 
points computed from the odd equations above, (3), (5), (7), and 
(9g). This set of equations involves only two constants besides 
integers and gives the position of about forty components with 
fair approximation. An accurate investigation of the electric 
resolution of Ha and He would be interesting to determine whether 
the new data will fit into the foregoing equations or not. 
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COMPARISON OF THE EFFECT FOR CORRESPONDING H, He, AND 
Li LINES 


Helium lines have also been studied carefully by Stark, but the 
results of the fine analysis have not been published. The corre- 


TABLE IV 


A 
MEAN My 108 
nE 


2 


1.75 

Small ( ?) 

He IT (parhelium).... Small( ?) 
i Small( ?) 


sponding P1a-components have shifts as given in Table IV. 
may be represented by the following equations: 


A 
Hydrogen: 13X 10~9[m(m-+ 2)| 


Helium I: 2.66X 10~%[m(m—1)] (11) 


A 
Helium II: .06 X 107° 9[m(m—1)| (12) 
An 
Lithium: 10~9[m(m—1)}* (13) 


These equations merely serve to emphasize the similarity of the 
effect for these four diffuse series of lines. 

Before considering the significance of these results in connection 
with atomic structure, Stark shows how this effect is probably re- 
lated to two other spectral phenomena, (1) the broadening of lines 
in the case of great vapor- or current-density and (2) the pressure- 
shift. 


RELATION TO THE BROADENING AND PRESSURE-SHIFT OF SERIES LINES 


The very fact that it is the so-called “diffuse”’ series of H, He, 
and Li which show the Stark effect most markedly points to a 


t The writer must assume all responsibility connected with the suggestion of equa- 
tions (2) to (13). They seem obvious enough but are not given by Stark. 
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relation between broadening and the newly discovered effect. 
Broadening had not been studied quantitatively, so Wendt carried 
out a special investigation at Aachen and found that in any series of 
lines the broadening increases with the term-number in the same 
manner as the Stark effect. Stark also points out that the broaden- 
ing is unsymmetrical in the case of those He and Li lines which 
show an unsymmetrical Stark effect. These facts strongly suggest 
that broadening is due to the effect of the electric fields of neighboring 
atoms on those emitting the light. However, broadening seems*a 
much more common characteristic of lines than sensitiveness to an 
electric field, and special hypotheses have to be made to explain 
the small Stark effect in the case of lines such as the sodium D lines 
which are very easily broadened. Nevertheless, the suggestion 
of a relationship between the two phenomena must contain some 
truth and should prove very fruitful. 

Stark also tries to connect the pressure-shift with the asym- 
metry observed in the electric resolution of some lines. In the case 
of Li and Hg the pressure-shift roughly corresponds, according to 
Stark, to what would be expected from the dissymmetry of the 
Stark-effect components as to position and relative intensity. 
This hypothesis is less firmly grounded than the preceding one, but 
should also prove stimulating to research in this field. 

Astronomers immediately saw in the Stark effect a means of 
determining the electric fields of the sun and stars. Salet and 
Millochau, however, found no effect for Hy in light from the chromo- 
sphere of the sun; and Stark points out how unlikely it is that in an 
ionized gas, not between electrodes, fields of the order of those used 
in his experiments should exist. The maximum field possible 
depends upon the pressure, so that greater fields may be expected 
in the lower layers of the sun’s atmosphere. To study these, the 
Stark effect for iron and other metallic lines must be known. 

Now as to the relation of the Stark effect to atomic structure. 
As Stark says, the importance of the effect lies in the fact that this 
relation is so intimate. Without a more or less definite hypothesis 
as to atomic structure, it cannot be understood at all. Its details 
are new facts to be explained, new and most important criteria 
for judging proposed atomic models; but the results are also 
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directly suggestive. The data have been summarized above; the 
suggestions are, briefly, the following. 

1. Asymmetry of intensity in the case of a moving source.—Stark 
interprets this result as meaning that the electrons emitting the 
more intense component are on the forward end of the moving 
atom and emit more light as a result of collision with gas molecules 
than do electrons at the back end of the atom. If a train of waves is 
emitted by each electron, this involves the assumption that the 
position of the active electrons with respect to a plane perpendicular 
to the velocity of the canal rays is unchanged during the emission 
of any one component; that is, either they vibrate about fixed posi- 
tions of equilibrium or they rotate in planes perpendicular to the 
velocity: of the atom. 

2. Croze’s results and the Wien experiments.—The velocity of 
the electrons affected by the magnetic field consists of two parts, 
that due to the motion of the atom as a whole, and its velocity with 
respect to the atom. The latter is undirected with respect to the 
magnetic field. Stark argues from the fact that Croze obtained 
distinctly separated components (as did Garbasso also) that the 
speed of the electrons inside a hydrogen atom cannot exceed 10° cm 
per second. Further and more accurate observations on the com- 
bined Zeeman-Stark effect will prove most important if they lead 
to an accurate determination of this internal electronic speed. 

3. The number of hydrogen components.—Stark is inclined to 
overemphasize the complexity of the analysis effected by an electric 
field. Yet, though the components are all probably quite simply 
related, their number and sharpness indicate that each hydrogen 
line may be emitted by an electron under more than a dozen dis- 
tinct sets of circumstances—distinct at least in that they are 
differently affected by an electric field. Stark suggests a ring 
of electrons, each emitting the same line when the electric field 
is zero, each equally affected by a magnetic field, but each differ- 
ently affected by an electric field. The sharpness of the components 
necessitates the assumption that the ring is fixed in orientation and 
that the emission of light is due to the vibration of the electrons 
about a position of equilibrium. But since the components are 
not independent, it does not seem that they each do demand a 
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separate electron as their source any more than the numerous 
band lines of nitrogen require an equal number of electrons in the 
nitrogen molecule. Yet the hydrogen atom must be a much more 
complex affair than any of the suggested atomic models. 

The other important clues to atomic structure may now be 
mentioned as a basis for a brief summary of our present vague con- 
ception of the atom. 

4. Zeeman effect.—This indicates that the emission of the series- 
lines associated with various elements is due to the acceleration 
of electrons in the atoms. 

5. Scattering of a and B rays by matter; production of very 
penetrating H rays by bombardment with a rays.—Such experiments 
strongly support Rutherford’s nuclear conception of the atom. 
Whether the deflection is due to the magnetic or to the electric 
forces associated with the nucleus, the concentration of the nucleus 
into an extremely small volume ‘seems a necessary hypothesis. 
The charge computed for the nucleus comes out about +3Me, 
where M is the atomic weight. 

6. Characteristic X radiation.—Moseley’s results suggest that 
the fundamental characteristic atomic constant is the atomic 
number rather than the atomic weight. This atomic number in- 
creases by one as we pass from element to element in the periodic 
table and is probably equal to the nuclear charge measured in units 
equal in magnitude to the electric quantum. 

7. Doppler effect for canal rays.—Stark has determined that the 
diffuse series of both hydrogen and helium I are emitted by atoms 
which have lost one electron, while the diffuse series of helium II 
(parhelium) is emitted by atoms which have lost two electrons. 
But a helium atom minus two electrons is an alpha particle; and 
it seems certain that an a ray is merely a helium nucleus unattended 
by detachable electrons. It seems clear, then, that the nucleus 
must contain the electrons which emit the series lines." 

While these clues are not at all conclusive, they suggest quite 
definitely the following vague picture of a hydrogen atom. A 
neutral hydrogen atom consists of a small nucleus with a charge 


* This obvious conclusion from Stark’s experimental results is, rather strangely, 
not mentioned by him. 
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+e, about which one electron revolves in dynamic equilibrium. 
Such a neutral atom cannot emit the Balmer series; it must first lose 
its electron by collision or otherwise. The Balmer series is emitted 
by electrons in the nucleus, vibrating about positions of static 
rather than dynamic equilibrium. Of the forces holding the parts 
of the nucleus together we know nothing except that apparently, 
according to Voigt, the forces involved are not isotropic, though 
they may be quasi-elastic. A swift electronic ray passing near 
the nucleus causes the emission of characteristic Y radiation; 
while the shock of ionization results in the emission of light whose 
frequency may be affected by external magnetic and electric fields. 
Whether or not the nucleus contains magnetons we have no evi- 
dence upon which to base an opinion. When two atoms combine 
to form a molecule, the mutual influence of the nuclear fields changes 
the frequencies of vibration so that the spectrum emitted is quite 
different. 

Now for the Bohr atom. How does it fare when tested by the 
Stark effect? Bohr does apparently succeed in relating the con- 
stant of the Balmer series to the Planck constant. But his assump- 
tion that the series lines are emitted by the single rotating electron 
of the hydrogen neutral atom is directly contrary to Stark’s experi- 
mental result, which is one of the most certain clues we have. And 
as Stark says, such agreement with experiment as Bohr’s theory 
does show ‘“‘verliert ihre Bedeutung vdéllig dadurch, dass die 
Theorie wesentliche Ziige der elektrischen Zerlegung der H- 
Serienlinien qualitativ nicht richtig wiederzugeben vermag”’ 
(p. 119). 

In connection with the quantum theory in general, the following 
quotations may be of interest. 


Als einer der ersten Anhanger der Planekschen Quantenhypothese méchte 
ich mir ihr gegeniiber folgendes Bekenntnis erlauben. In mehreren Fallen 
scheint mir diese Hypothese in einem schwer lésbaren Widerspruch mit der 
Erfahrung zu stehen. Darum misstraue ich den Anwendungen, welche ich 
von der Planckschen Hypothese zur Deutung einiger Erscheinungen gemacht 
habe [p. 115]. .... Diese Folgerung iiber eine obere Grenze fiir die licht- 
schwingende Geschwindigkeit der Serienelektronen scheint mir eine ernsthafte 
Schwierigkeit fiir die Plancksche Lichtquantenhypothese mit sich zu bringen. 
. . . . Will man also die Plancksche Hypothese gegeniiber der vorstehenden 
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Folgerung halten, so muss man eine weitere Hypothese zu Hilfe holen. . . . . 
Indes wiirde eine solche Hilfshypothese in meinen Augen mehr eine Belastung 
der Planckschen Hypothese mit Unerklartheit bedeuten, und als Experimental- 
physiker méchte ich dann lieber auf die Plancksche Hypothese selbst verzichten 
als so unbestimmte Hilfshypothesen in Kauf nehmen [p. 113]. 

In conclusion I should like to call the attention of theoretical 
physicists to the great field of unexplained intra-atomic phenomena 
to which the nuclear conception of the atom might be applied. 
Such investigation should lead either to a better understanding of 
such phenomena or to important modifications of the hypothesis 
or to both. 

UNIVERSITY OF WISCONSIN 

April 16, 1915 


7 

: 
b 

} 

4 

3) 

' 


THE TUBE-ARC SPECTRUM OF IRON AND A 
COMPARISON WITH DISSYMMETRIES 
IN SPARK SPECTRA’ 


By ARTHUR 5S. KING 


In previous papers,? the writer has described some of the 
phenomena of the “‘tube-arc.”” To produce this light-source, the 
tube used in the electric furnace is filed thin at the middle of its 
length, so that when the voltage is applied, the tube quickly burns 
apart, forming an arc carrying a very large current at low voltage. 
The spectrum shows a high intensity of the enhanced lines of metals, 
the spark spectrum of carbon, and the brighter hydrogen lines, 
together with an interesting difference in the intensity of the lines 
of various elements across the diameter of the tube when this ring- 
shaped arc is viewed axially. 

Another feature mentioned in the former papers is a marked 
dissymmetry in the structure of certain tube-arc lines. This was 
not studied in detail, but it was shown that the dissymmetry is 
very marked for many lines which are symmetrical in the furnace 
spectrum and approximately so in the ordinary arc in air. 

Recently a much larger transformer was installed in the Pasa- 
dena laboratory, giving improved facilities for work with the tube- 
arc. Its capacity is 100 kw and the voltage may be varied by 
5-volt steps from 5 to 50 volts. With this apparatus, tube-arcs 
have been operated which consumed as high as 70 kw just after 
the rupture of the tube. An initial energy of about 40 kw, however, 
has given the best results, the exposure being made while the current 
fell from above 1000 to about 600 amperes. 

The second order of a 4-inch plane grating was used in the 
vertical spectrograph, with an objective of 30 feet focal length, 
giving a linear scale of about 1 mm=o.9 A. The interior of the 
tube, at the point where the arc was to form, was focused on the 


* Contributions from the Mount Wilson Solar Observatory, No. 103. 
2 Mt. Wilson Contr., Nos. 65, 73; Astrophysical Journal, 37, 119; 38, 315, 1913. 
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slit, so that the spectrum registered the radiation along the vertical 
diameter of the ring of arc when the tube burned apart. The 
arrangement of the tube and the inclosing jacket of graphite was 
similar to that in the earlier experiments, except that the point 
of break was located by simply filing a deep groove around the tube 
at its middle. The gap between the ends of the tube, after the arc 
had ceased, usually measured 10-15 mm above and 30-40 mm 
below, but was occasionally longer. The time of action of the arc 
was generally 30-40 seconds. 

The present paper will consider the leading features of the tube- 
arc spectrum of iron, these being, first, the displacements resulting 
from the dissymmetry shown by many of the stronger lines, the 
degree of this dissymmetry being clearly connected with the classi- 
fication of the lines in the furnace spectrum and in that of other 
sources, and, second, the enhancement of certain types of lines. 
The peculiarities in structure of tube-arc lines are found to be very 
similar to those exhibited by the spectrum of the condensed spark. 
A comparison of typical iron lines in tube-arc and spark will be 
given, together with a brief description of the variable dissym- 
metries found in other spark spectra, especially that of titanium. 


DISSYMMETRIES OF IRON LINES IN THE TUBE-ARC 


A study of the tendency of various light-sources to render lines 
unsymmetrical has the twofold object of showing what features 
in the light-source produce these dissymmetries and the -degree 
to which various lines are subject to such disturbing influences. 
The tube-arc shows effects in a very pronounced degree which are 
present in a more or less incipient state in the ordinary arc in air, 
especially in the region near the negative pole. Such dissymmetries 
are naturally most conspicuous in the case of reversed lines, and a 
large number of iron lines are given in reversal by the tube-arc. 
Few of these show a fully symmetrical reversal when their inten- 
sities are such that they are satisfactory for examination. A few 
low-temperature lines to the violet of \ 4000 reverse so widely in 
the tube-arc that they are practically absorption lines, and little 
can be said regarding the relative strength of their edges. The 
iron lines showing distinct self-reversal usually have the red side 
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stronger than the violet, and a large variability appears in the 
amount of the dissymmetry. 

Lines of small or moderate dissymmetry toward the red.—In Table 
I, a list of lines is given whose dissymmetry of reversal does not 


TABLE I 
Iron LiInES SHOWING SMALL OR MODERATE DISSYMMETRY TOWARD 
THE RED IN THE TUBE-ARC 


| 
A (Rowland) poe phy ag | Furnace Class | Pressure Class 


:3 
3 
3 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
6 
6 
3 
3 
4 
3 
3 
3 
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exceed a moderate amount, with the red side not more than twice 
as strong as the violet. Table II contains lines which reverse very 
unsymmetrically. Some of the latter show but a trace of the 
violet side of the line on the plate. The second columns of Tables I 
and II give the estimated ratios of the two sides of the reversal. 


kes 
| Pressure Group 4 

3887.196.....] I 

3888.671..... II (I) | 
3906.628..... I 
3909 .413.-.--| II 
4005.408.....| | II 

II 

4003.759-..--| II 
4071 II 

4132.235.....| II 
4144.038.....| II (1) 

4202.198.....| II 
4250.945...--| Il 
4271.034.....| II 

4282.565.....| I (11) 

4294.301.....| I 
4308 .061.....| II 
4325.939-...-| II 
4376.307.....| I 
4383.720.....| II 

4404.927..... 

II 

4427.482..... I 

.S18..... I 
$227.362..... 10 II 
900. 723.3... 10 I 
10 II 
5328. 296..... fe) I 

$907.366..... 10 I 
5405.989..... 10 I 
§429.011..... 10 I | 

5434.740..... 10 I 

I 
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TRon Lines SHOWING LARGE DISSYMMETRY TOWARD THE RED IN THE 
TuBE-ARC 


A (Rowland) Furnace Class Pressure Class Pressure Group 


4187.204.... 1:6 II (IIT) 

4187 .943.... 1:6 IT (IIT) 

4198.404..... 1:6 III 
4227.606.... 1:8 Ill 5 d 
259.9792. 1:6 III 5 d 
$630,402: ..... 1:6 IT (IIT) 5 d 
4250. 287..... 1:6 III 5 ( 
4260.640... 1:6 III 2 
4271 .325... 1:6 
4299.410..... 1:6 II 5 d 
4528.798..... 1:4 II 4 ( 
4859.928... 1:8 III 5 ( 
1:8 Ill 5 
4890.948... 1:8 Ill 5 ( 
4891 .683... 1:8 ( 
4019.174... 1:8 III 5 ( 
4920.685..... 1:8 III 5 ( 
4037 .450..... 1:8 III 5 ( 
4057 .785...5. 1:8 III 5 ( 
1:6 Ill 5 d 
1:6 IV 5 d 
5586.991 ay 1:6 IV 5 d 
5615.877 36 IV 5 d 


In some cases these are based on the curves of the Koch micro- 
photometer, but eye-estimates are sufficiently accurate for classifi- 
cation, which is the main object of these tables. The third column 
gives the class in which the line is placed in the electric-furnace 
study’ made by the writer. Later experience with the furnace 
spectra has slightly modified the method of classification, and the 
numbers given in parentheses for a few lines denote the class in 
which the line would probably fall if the classification were revised. 
The fourth and fifth columns contain the class and the group in 
which the line is placed by Gale and Adams? according to its appear- 
ance under pressure and to its pressure displacement, respectively. 

The material presented in Tables I and II shows the following 
relations between the amount of dissymmetry imparted by the 


* Mt. Wilson Contr., No. 66; Astrophysical Journal, 37, 239, 1913. 


2 Mt. Wilson Contr., No. 58; Astrophysical Journal, 35, 10, 1912. 
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tube-arc and the behavior of the lines in the furnace and under 
pressure: 

1. Lines of small and moderate dissymmetry of reversal belong 
in the furnace Classes I and II, those most nearly symmetrical 
being as a rule among the ‘‘flame”’ lines of Class I. These are all 
lines occurring at low temperature, the rate of increase in strength 
with rise of temperature being more rapid for the lines of Class IT. 

2. Lines which are strongly unsymmetrical in their reversal 
in the tube-arc are with few exceptions in Classes III and IV. 
These require a higher temperature for their initial appearance 
and increase rapidly in strength as the temperature rises. 

3. The connection with the behavior of the lines under pressure 
is very definite. With two exceptions, all lines in Table I are given 
as symmetrical in appearance under pressure (Classes 1, 3, and 4), 
and have small or moderate displacements (Groups a and 3). 
Those in Table II are made unsymmetrical by pressure (Classes 2 
and 5), and show large displacements (Groups ¢ and d). 

Lines displaced toward the violet in the tube-arc.—In the green- 
yellow an important group of lines is found, the strongest of 
which are AA 5365.069, 5367.669, 5370.166, 5383.578, 5404.357, 
5411.124, 5415.416, 5424.290. The tube-arc gives these lines 
very strong, diffuse, and nearly symmetrical, a slight shading 
appearing on the violet side. By measurements to be described 
later in the paper, these lines were found to give decided displace- 
ments toward the violet. In the furnace these lines are to a certain 
extent in a class by themselves, since no other lines as strong in 
the iron are are so difficult to obtain in the furnace. They 
appear very faintly at high temperature and are an extreme type 
of Class V lines. 

No reversed iron lines with the violet side strongest have been 
found, but two mportant cases of this dissymmetry occur in the 
H and K lines of calcium, which are found on several tube-are 
plates of the iron spectrum. In the former paper’ on the tube-arc, 
these lines were mentioned as symmetrical, but the greater power 
available in the later experiments gives them in every case with the 
violet side stronger, about in the ratio 6:5. The available pressure 

* Mt. Wilson Contr., No. 73; Astrophysical Journal, 38, 315, 1913. 
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measurements for H and K indicate that they are displaced toward 
the red by pressure, so that they appear to present an exception to 
the general correspondence between the two effects. 

Relation to pole-and-center differences in the iron arc.—When a 
plane-grating spectrograph is used for the observation of the ordi- 
nary arc spectrum, the image of the arc from pole to pole being 
projected on the slit, some lines of iron are found to remain nearly 
symmetrical from center to pole of the arc and others to become 
decidedly unsymmetrical near the pole. These differences are 
being studied in detail by St. John and Babcock. Without giving 
an extended comparison, it may be stated here that the dissym- 
metries shown by the tube-arc lines are of the same nature as for 
corresponding lines in the ordinary arc, but are greatly magnified 
in amount. This is true also for the lines considered in the last 
paragraph, which widen toward the violet near the pole of the arc. 
A comparison by Royds' of the pole and center of the arc gave 
considerable displacements toward the violet for these lines. 
Another group of lines in this region, found by Royds to give negli- 
gible displacements, is included among the tube-arc lines in Table I, 
while still others showing polar displacements toward the red are 
in Table II. 

Micrometer measurements on unsymmetrical lines.—-The group 
of strong green lines near \ 4900 affords an interesting example of 
the sort of wave-length measurements that are given by lines of 
this kind, and also of the relation of the measured displacement 
to the intensity of the line in question. These lines are in the same 
furnace class, also in the same pressure class and group. In the 
tube-arc they are all very unsymmetrical, the violet side of the 
reversal usually being so faint as to show merely as a shading off 
on that side, but in the case of two of the group, AA 4891 .683 and 
4920.685, the strength of the lines was sufficient to show both sides 
of the reversal distinctly, so that the measuring microscope could 
be set on the reversal itself. For the other lines, the maximum was 
well enough defined to give closely concordant sets of measurements, 
but these settings were in reality chiefly on the red side of the 
partially reversed line. An arc spectrum on the same plate given 


* Kodaikanal! Observatory Bulletin, No. 40, 1914. 
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by the center of a 6-ampere arc was measured for comparison. The 
reference line in each case was \ 4891.683, this being clearly 
reversed in the tube-arc spectrum. These measurements are 
given in Table III. The small negative displacement of \ 4920.685 


TABLE III 


Intensity 
4859 .928 8 0.041 
4871. 512 25 +0.076 
4872. 332 12 +0.062 
4878 .407.. 5 +0 .035 
4890 .948 15 +0.071 
4891 .683 (reversal). . 30 0.000 
4903. 502 +0.028 
12 +0.074 
4920.685 (reversal) 35 —0.004 


is within the error of measurement for lines of this quality. The . 
measured displacements of the others show a rough but distinct 
relation to the strength of the line. The effect clearly in- 
creases with the absolute width of the line, while the example 
shows the extent to which measured wave-lengths of such sensitive 
lines may be disturbed in the spectrum of a source of this kind. 
Use of the registering micro-photometer.—This brings us to the 
generally recognized difficulty of making micrometer settings on 
unsymmetrical lines. One must either set on the reversal, if there 
is such, in which case no account is taken of the dissymmetry of 
the sides, or on the position of maximum density, which may well 
be only one side of a partially reversed line. The Koch micro- 
photometer is of much assistance in this respect. Its use in register- 
ing the density-curves for various types of emission lines was 
illustrated in a previous paper." The large apparatus recently 
constructed here serves to register the structure of individual lines 
and also to measure the wave-length interval between lines. If 
one or both of the lines are unsymmetrical, the position of the ordi- 
nate which best represents the maximum of each line must be 
decided upon. For most of the reversed tube-arc lines, the dissym- 
metry is chiefly at the top of the curve. Examples are shown in 


* Mt. Wilson Contr., No. 77; Astrophysical Journal, 39, 213, 1914. 
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Fig. 1 of two iron lines in different stages of reversal. The wave- 
length of the corresponding arc line is given closely by the minimum 
of the reversal, while the maximum of the unsymmetrical line is 
obtained by producing the slopes of the curves as shown, the ordi- 
nate of this maximum being, to a close approximation, midway 
between the two sides of the curve. If the curve as a whole is very 
one-sided, owing to shading of the spectrum line, it is more diffi- 
cult to determine the ordinate for use in a wave-length measurement. 


Fic. 1.—Curves of reversed iron lines showing different degrees of dissymmetry 


in the tube-arc. 


Following the plan just outlined, an attempt has been made to 
measure the displacing action of the tube-arc by obtaining the dis- 
tance between the centers of pairs of density-curves, one curve 
being for one of the highly unsymmetrical lines given in Table II, 
the other for a line, usually from Table I, which could be considered 
as giving an ordinate practically undisplaced, this ordinate being 
either that of the reversal of the slightly unsymmetrical line or of 
its maximum if narrow and unreversed. The curves were registered 
on direct and reversed runs of the screw to eliminate possible 
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errors due to inertia in the instrument, which proved, however, to 
be extremely small. Curves were similarly made for arc lines on 
the same plate, the portion of the line given by the center of the arc 
being registered. 

A further purpose in measuring these lines was to observe the 
effect of large differences in the quantity of iron vapor present in 
the tube-arc. An inspection of photographs made for large and 
small vapor densities showed the magnitude of the dissymmetry 
to vary greatly with the strength of the line. With a very small 
quantity of iron vapor, strong lines such as \ 4383 .720 are reversed 
with the usual degree of dissymmetry; while lines less intense, 
including many of those which are very unsymmetrical with much 
vapor present, appear fairly sharp. The question is, Are these 
weaker lines moved out of their position by the tube-arc to the same 
degree that they are when strong, or is the effect dependent on 
the strength of the line? Evidently only a comparison of the dis- 
tances between the density-curves can decide this question. 


TABLE IV 


VARIATION IN WAVE-LENGTH OF TUBE-ARC LINES WITH 
Vapor-DENSITY 


DISPLACEMENT, TuUBE-ARC— ARC 


UNSYMMETRICAL STANDARD 

LINE Line Low Vapor High Vapor 

Density Density 

4187.204..... 4185.058 +0.009 +0.019 
4187 .943..... 4185.058 +0.009 +0.015 
4250. 287..... 4250.945 —0.002 +0.029 
4200.640..... 4271.934 +0.013 +0.040 
4271.934 +0.008 +0.035 
42909.410..... 4204. 301 +0.001 +0.036 


Displacements toward the red.—The values in Table IV give the 
displacement of the center of density of the unsymmetrical line 
with reference to a neighboring line taken as standard. Thus a 
positive displacement indicates that the given line is toward the 
red with respect to its position in the arc measured from the same 
standard. \ 4185.058, used as standard for the first two lines, is 
a Class III line in the furnace and, though narrow, probably suffers 
some displacement in the tube-arc. The curves of the last three 
lines in the table were the most satisfactory for measurement. 
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The last column of Table IV gives the magnitude of the dis- 
placement measured by the micro-photometer when the tube-arc 
line shows large dissymmetry; while the third column shows that 
this displacement becomes small when the width of the line is 
decreased by low vapor-density. As was previously noted, the 
tube-arc under the latter condition is still able to produce decided 
dissymmetry in strong lines such as AA 4308, 4325, 4384, 4415. 
How far this effect may be due to differences in vapor-density, 
strictly speaking, will be discussed later; but evidently the dissym- 
metry of tube-arc lines does not depend entirely on the strength 
of the discharge conditions. If it did, the amount of measured 
displacement to be expected for a line in any source could be cal- 
culated from the strength of the enhanced lines in that source; 
but the effect is complicated by conditions attendant on the amount 
of vapor present. 

The dissymmetries exhibited by some tube-arc lines are shown in 
Plate VII. First are the calcium lines K and H, which are reversed 
with the violet side stronger. They appeared thus on several 
plates which showed the stronger iron lines maintaining their usual 
dissymmetry toward the red. The iron lines shown are \ 4236.112, 
highly unsymmetrical, AA 4250.287 and 4250.945, of large and 
small dissymmetry respectively, \ 4260. 640, showing large dissym- 
metry, with two satellites on the violet side, AA 4271.325 and 
4271.934, similar to the pair at \ 4250, and AA 4294.301 and 
4299.410, showing a marked contrast in structure. 

Plate VII is supplemented by the density-curves in Fig. 2, these 
being for the same lines as are shown in the plate, with the addition 
of the iron lines \ 3969.413 (from the same plate as the adjacent 
H line) and \ 4308.081, made from a plate taken with low vapor- 
density in the tube-arc. 

Displacements toward the violet.—Four of the strong lines in the 
green-yellow described on p. 377 have been studied with the micro- 
photometer, the distances being measured in both tube-arc and 
arc between the curves of these lines and those of standard 
‘flame’? lines which reverse almost symmetrically in the tube-arc 
and may be regarded as probably undisplaced by this source. 
The arc-curves were made in each case for the part of the line 
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given by the central region of the arc. The results are given in 


Table V. 
TABLE V 


TuBeE-Arc LINES DISPLACED TOWARD THE VIOLET 


A (Rowland) Standard Line Displacement 
5371.734 | —0.036 
5371.734 | —0.027 
5405 .989 —0.056 


These displaced lines are unreversed and the measurements 
were taken well up on the curve, where it is nearly symmetrical. 
The bottom of the curve shows a shading toward the violet which 
would increase the displacement if it were taken into account; but 
the method employed measures as nearly as possible the position 
of the strongest part of the line. The displacement of \ 5415. 416, 
the strongest of the group, is seen to be very large, an effect similar 
to that noted for the lines near \ 4900 (see p. 378), where the 
measured displacement, in a group of lines showing the same be- 
havior, was found to increase with the strength of the line. The 
displacements given in Table V are the means of two sets of curves 
having different scales, made by changing the speed ratio between 
the negative and the registering plate. The two sets gave almost 
identical results, and while no high degree of accuracy can be 
claimed for the absolute values of the displacements, there can be 
no question that any method of measurement would give displace- 
ments toward the violet of considerable magnitude for the centers 
of density of these lines. 


LINES INTENSIFIED IN THE TUBE-ARC SPECTRUM 


It is in harmony with the general resemblance of the tube-arc 
spectrum to that near the pole of the ordinary arc that the enhanced 
lines of iron should be brought out strongly and a decided intensi- 
fication be given to those usually classed as ‘‘nebulous”’ in wave- 
length tables and thus denoted by the writer in the paper on the 
furnace spectrum. With few exceptions, they belong in Class V, 
being absent or extremely faint in the furnace spectrum. In the 
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ordinary iron arc, these lines are much stronger in the highly lumi- 
nous part near the negative pole. In the tube-arc, they are very 
strong, the well-known group in the green-yellow from \ 5365.069 
to 4 5424.290 dominating the spectrum in this region. This con- 
dition is illustrated by Plate VIII, which shows the tube-arc 
spectrum with that of the ordinary iron arc for comparison. The 
strong lines of Class I are scarcely visible, but this is partly due 
to their being reversed for the greater part of their width, the 
edges of the reversal being almost symmetrical. 


THE TUBE-ARC SPECTRUM IN THE ULTRA-VIOLET AND RED 


The investigation of iron in the tube-arc has covered the spec- 
trum from \ 3600 to A 6600. At the violet end of this range, 
dissymmetries are numerous, but no features of special interest 
were observed. The stronger lines reverse with the red side 
stronger, the dissymmetry being moderate in amount, similar to 
the lines listed in Table I. The region from \ 5700 to \ 6600 
required the first order of a very bright grating, and few deviations 
from the usual arc spectrum appeared. The stronger lines remained 
sharp, only a few showing shading toward the red. The diffuse 
lines were intensified, and the enhanced lines appeared as in other 
portions of the spectrum. 


DISSYMMETRIES IN THE SPARK SPECTRUM 


The writer has at intervals during several years photographed 
the spectrum of the spark under conditions giving a highly disrupt- 
ive discharge. A powerful transformer spark with large condenser 
was used, the spark terminals being bluntly pointed rods of iron 
held in massive brass cylinders for cooling. After the discharge 
started, a series spark-gap was lengthened until the transformer 
was just able to maintain an exceedingly noisy spark. Comparison 
arc spectra were made on each plate by placing an arc in the posi- 
tion formerly occupied by the spark, leaving the lens system 
undisturbed. Sometimes the position of the spark line with refer- 
ence to that of the arc was tested by means of the occulting screen, 
exposures with the arc being made before and after the spark 
exposure. For a large number of photographs a long slit was used, 
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on which the image was projected with the axis of the spark at 
right angles to the slit. The middle of the spectrum line then 
registered the radiation from the interior of the spark, together with 
that from the outer vapor in the line of sight; while toward its ends 
the spectrum line was given by light from the outer vapor alone. 
Lines sensitive to reversal were ‘frequently reversed almost to the 
point where the tip faded from the plate. The more striking 
features observed were as follows: 

1. Dissymmetries were found to be very frequent in the spark 
spectrum and to vary greatly in magnitude for different lines. 

2. The relative sensitiveness to dissymmetry among the lines of 
the spark appears to be quite the same as that observed for corre- 
sponding lines in the tube-arc spectrum. 

3. In the spark spectrum of iron, two classes of lines, both 
unreversed in the spark, show no dissymmetry. These are the 
flame lines (furnace Class I) and the enhanced lines. As will be 
noted later, exceptions to this rule are found in other spectra when 
such lines are reversed. 

4. The stronger arc lines in the blue and violet, usually of Class 
II, when photographed with a long slit, show large dissymmetry 
of the reversal at the middle of the line, the red side being the 
stronger. Receding from the central position reduces this dis- 
symmetry as the interior vapor « f the spark becomes less effective, 
until at the ends of the long line approximate symmetry is attained. 

5. When adjacent spectra of the arc and of the core of the spark 
are made by means of the occulting screen, the position of the 
reversal is found to coincide closely in the two spectra, thus in- 
dicating that the outer vapors of the spark which cause the re- 
versal give a line in the position of the arc line. This conclusion 
was arrived at by Kent,’ who compared the lines given by the arc 
and spark in a concave-grating spectrum. 

The features described in Nos. 4 and 5 are illustrated in Plate LX. 
In the upper section are enlargements of three reversed iron lines, 
each showing half of the length of the line photographed with the 
long slit across the spark-image. The unsymmetrical line given 
by the core is seen to change to a symmetrical line given by the 


* Astrophysical Journal, 22, 182, 1905. 


PLATE IX 


3737 3750 3758 


TRON LINES SHOWING DISSYMMETRY IN THE DISRUPTIVE SPARK 


a. Half of long line photographed with the slit at right angles to 
axis of spark. 
b, Comparison of spark line (above) with are line. 
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outer vapor. In the lower section of the plate, the same lines are 
shown as photographed by means of the occulting screen, the line 
given by the core of the spark having below it two exposures of 
the arc line made before and after the spark exposure respectively. 
The contrast in symmetry between the arc and spark lines is seen, 
and also the continuity of the reversal for the two sources. 

The effect is further illustrated by the micro-photometer curves 
of Fig. 3. These show the structure of \ 3737. 281 at the middle and 
near the end of the long spark line and also in the arc. Completing 
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Fic. 3.—Curves of \ 3737 of iron; a and b, from middle and end of long spark 
line; c, from arc line. 


the curve for the unsymmetrical spark line shows the difference 
between the ordinate given by this and the ordinate of the reversal, 
which marks the position of the line in the arc. 

Both in the appearance of the reversed lines, usually moderately 
unsymmetrical, and in the density-curves obtained from them, 
there is a close correspondence between the effects for the tube-arc 
and the condensed spark in the case of the iron lines listed in Table I. 
The lines of Table II, which are very unsymmetrically reversed in 
the tube-arc, do not reverse in the spark on any of my plates, but 
are winged strongly on the red side. Typical density-curves 
obtained from lines of this class are shown in Fig. 4. 
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In contrast with these lines, the strong diffuse lines of the green- 
yellow, which show dissymmetry toward the violet in the iron 
arc and are displaced toward the violet in the tube-arc, are shaded 
strongly on the violet side in the spark. These lines are given 
relatively strong by the core of the spark and by the most intense 
regions of the arc. 

The evidence indicates that the core of the spark radiates lines 
which are in general displaced toward the red, probably to different 
degrees according to the class of the line. Such a displaced line 
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Fic. 4.—Curves of iron lines showing one-sided structure in the disruptive spark 


might be symmetrical if a homogenous mass of vapor from the core 
of the spark could be isolated. The line usually photographed 
is a composite given by the superposition on this core line of less- 
displaced radiations from the vapor enveloping the core. The 
density-curves of the strong reversed iron lines of moderate dis- 
symmetry, usually belonging to furnace Class II, indicate the 
presence of a symmetrical line from the core of the spark differing 
in wave-length from the absorption line given by the outer vapor. 
These lines are quite similar in the tube-arc and spark. ‘The iron 
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lines at the two extremes of the furnace scale, the flame lines 
(Class I) and the enhanced lines (Class V E), are very nearly sym- 
metrical in the condensed spark. It is shown, however, with the 
plane grating and long slit, that the flame lines are given chiefly 
by the outer vapor and are therefore out of the displacing region 
while the enhanced lines are confined to the core with no superposed 
radiation to render them unsymmetrical. The former should, 
therefore, remain symmetrical and undisplaced, while an enhanced 
line in the spark should be symmetrical but displaced with refer- 
ence to the same line in the furnace or center of the arc. Only a 
few enhanced lines appear in the latter sources, however, and an 
accurate comparison presents many difficulties on account of the 
great difference in the strength of these lines in the spark and in the 
arc or furnace. 


TUBE-ARC AND SPARK EFFECTS FOR OTHER ELEMENTS 


A study in some detail has been made of the dissymmetries 
shown by titanium in tube-arc and spark, together with a few 
photographs of interesting regions in the vanadium and chromium 
spectra. Alloys of titanium and vanadium with iron were used to 
secure the highly disruptive spark. The main features observed 
may be briefly given. 

Titanium shows a very close correspondence between tube-arc 
and spark in the degree to which various lines are made unsymmetri- 
cal. Among the strong reversed lines in the blue, certain groups 
show a decided difference in dissymmetry, this difference being 
alike in the two sources. 4298.89 is an example of symmetrical 
reversal, while AX 4527.47 and 4457.61 have their sides unsym- 
metrical about in the degree 1:2 and 1:4 respectively. Lines of 
similar structure show a tendency to group in the neighborhood 
of these lines. While these are for the most part in furnace Class IT, 
the more unsymmetrical lines approach the behavior of Class III 
lines in the furnace. The strong lines in the green near A 5000 were 
examined in the condensed spark and show distinct differences in 
structure. AA 4981.93 and 4991.24 show 1:2 dissymmetry while 
AA 5036.08 and 5036.65 are more one-sided, about 1:4. Two 
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Class I lines in this region, AA 5040.14 and 5064.79, partially 
reversed in the spark, are nearly symmetrical. 

The enhanced titanium lines show considerable variation in the 
condensed spark. Those in the green are unreversed and very 
symmetrical in structure. Fig. 5 gives the density-curves for one 
of these and for a typical titanium arc line in this region. The 
enhanced lines from \ 3600 to A 4600, however, are so strong 
in the spark that many of them are reversed, and these reversals, 
while usually unsymmetrical toward the red, are unsymmetrical 
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Fic. 5.—Curves of titanium iines in the disruptive spark 


toward the violet for AX 4395.19 and 4444.00. Enhanced lines 
showing symmetrical reversal are AA 3685 . 37, 3759.40, and 3761.47. 

The spark spectra of vanadium and chromium were photo- 
graphed for parts of the violet, blue, and green where distinctive 
strong lines occur. The plates show dissymmetries of varying 
amounts to occur very generally, but no decided difference has been 
noted from the condition prevailing in the iron and titanium spectra. 
Class I lines of vanadium and chromium show rather larger dissym- 
metries than those of this class in the other spectra, but these are 
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very strong lines and the distribution of vapor between the core 
of the spark and the reversing envelope may be slightly different 
from that of iron and titanium lines in the same class. 


COMPARISON WITH THE PRESSURE-EFFECT 


It has been shown that the degree of dissymmetry exhibited 
by various classes of lines in the tube-arc and condensed spark 
corresponds closely with their susceptibility to pressure displace- 
ment. The question arises whether pressure may be active in the 
tube-arc and in the spark. Two lines of evidence are against this. 
First, the dissymmetries show no tendency to become larger with in- 
creasing wave-length, as do the pressure displacements, and, second, 
the tube-arc is operated in a partial vacuum, its action becoming 
more favorable to strong dissymmetries as the pressure is decreased. 
In addition to the difficulty of considering a high pressure in the 
ordinary sense as present in the spark in air, the resemblance of 
the spark effects to those of the tube-arc is so close that their causes 
would seem to be very similar. It will be shown later how the 
action of pressure may be different from that producing the tube-arc 
and spark displacements and yet produces equivalent effects. 


THE INFLUENCE OF VAPOR-DENSITY 


Examination of the tube-arc photographs and measurement 
of such lines as permit of it show clearly that, with the given elec- 
trical conditions, the dissymmetry of lines becomes much greater 
when their width is increased by the use of a large quantity of 
vapor. The measured displacement becomes small if the line is 
narrowed by the presence of only a small amount of vapor. How- 
ever, the spectra given by the regular furnace offer evidence that 
high vapor-density alone will not render lines unsymmetrical. The 
writer has never yet observed a line in the furnace spectrum which 
was clearly unsymmetrical. To be sure, many of the lines most 
sensitive to this effect are in Class III or Class IV and are therefore 
narrow and unreversed in the furnace, but a number of strong tita- 
nium lines, very unsymmetrical in the tube-arc and spark, are 
reversed in the furnace at high temperature and remain quite sym- 
metrical. The vapor-density in the furnace must be considerable, 
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in spite of the large volume of the tube. This is attested by the 
width of the stronger lines and by the fact that, during the short 
run required for an exposure, two grams or more of iron may be 
vaporized so that the tube is afterward found incrusted with it 
from end to end. In the arc also, lines may be very wide when 
much vapor is present, and still remain symmetrical. When the 
poles of the arc are approached, however, the occurrence of en- 
hanced lines indicates a condition resembling the spark, and in 
this region the lines most sensitive to displacement become one- 
sided. These dissymmetries are greatly magnified in the tube-arc 
and in the disruptive spark. 

A considerable degree of harmony among these effects is obtained 
if it is permissible to consider as a necessary condition the presence 
of electrified particles moving at high velocities. These are supplied 
in the spark and at the poles of the arc by the high potential 
gradients. The cause for the very similar spectrum effects in the 
tube-arc, where the potential is low, is not so clear, and at present 
the writer can only refer to the suggestion offered in a previous 
paper’ that the heated carbon ejects electrons which are given high 
velocities by the explosive conditions at the point of rupture. We 
know that at this point there is a great concentration of electrical 
energy, and the effects would seem to indicate that the action of 
the tube-arc produces a superheating of the carbon in virtue of 
which the electrons are given velocities comparable with those 
imparted in other sources by a high potential. If this possibility 
is admitted, the effect of high electronic speeds in causing a dis- 
turbance of period should be increased by the crowding together 
due to high vapor-density, and on this account the relation to the 
pressure effect may be a close one. Spectrum lines from the fur- 
nace or from the center of the arc, given by particles having low 
velocity, are displaced by the crowding due to pressure. If the 
source does not have high pressure, but is such that the particles 
have high velocities, the tendency of these velocities to disturb the 
period would be expected to increase with the density of the vapor. 

A consequence of this point of view would be that high pressure 
should give large displacements for lines which are strengthened 
* Mt. Wilson Contr., No. 73; Astrophysical Journal, 38, 315, 1913. 
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by strong electrical conditions. This is borne out by the large 
pressure displacements found for lines in Classes III and IV of 
the furnace classification. These lines are much stronger in the 
arc and spark than in the furnace. Further, Gale and Adams' 
observed that the enhanced lines as a class are displaced by pres- 
sure more than the arc lines, and that for a given pressure the 
enhanced lines are displaced more in the spark than in the arc. 
They note also that when the arc and spark were observed at the 
same pressure, the lines in general show ‘‘a marked tendency 
toward higher values for the spark displacements.”’ All of these 
effects would follow as a direct result of a combination of high 
electrical action with high pressure. 

Royds,? in reviewing the displacement effects observed as a 
result of arc dissymmetries, arrives at the conclusion that vapor- 
density plays an important part, while recognizing the possible 
influence of ionization in the arc and spark, and suggests “density 
of ions’? as a substitute for ‘‘vapor-density”’ as the displacing 
cause. I believe this idea is in the right direction and would make 
a further modification by suggesting density of high-speed electrons 
as a condition which appears to harmonize the results for the dis- 
placements of the arc, spark, and tube-arc with those for the 
pressure-effect and to account for the evident connection of all of 
these with the furnace classification. 


SUMMARY 


1. The results for the tube-arc and the disruptive spark show 
that these sources impart an unsymmetrical structure to many of 
the stronger spectrum lines, the micro-photometer indicating that 
this is caused by the region of strongest excitation giving a displaced 
line, usually to the red. 

2. Much variability appears in the amount of this dissymmetry 
for different lines, its magnitude clearly being related to the furnace 
classification of the lines and to their displacement under pressure. 

3. Iron lines of small and moderate dissymmetry in the tube- 
arc are low-temperature lines and show only moderate pressure- 
effect. 


1 Mt. Wilson Contr., No. 58; Astrophysical Journal, 35, 10, 1912. 
2 Kodaikanal Observatory Bulletin, No. 40, 1914. 
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4. Lines of large dissymmetry are faint in the furnace relatively 
to the arc and are greatly displaced by pressure. 

5. The degree of dissymmetry in the tube-arc, for each of the 
foregoing classes, has a distinct relation to the width of the line, so 
that, other things being equal, strong lines are more displaced 
by this effect than faint ones and an increase of vapor-density 
increases the dissymmetry. 

6. The most symmetrical lines of iron in the tube-arc are the 
“flame” lines. The H and K lines of calcium reverse with the 
violet side strongest. 

7. Lines unsymmetrical toward the violet in the spark and near 
the pole of the arc are displaced toward the violet in the tube-arc. 

8. The nebulous lines of iron, requiring strong arc conditions, 
are much intensified in the tube-arc. 

g. A powerful and disruptive spark produces line dissymmetries 
which in general are very similar to those of the tube-arc. The 
most symmetrical iron lines in this spark are the “flame” lines 
and the enhanced lines. 

1o. Analysis by the plane grating shows the radiation from the 
core of the spark to be displaced toward the red, in the case of most 
of the stronger lines, the outer vapor giving a symmetrical line 
in the position of the arc line. 

11. The results indicate that a condition of strong electrical 
excitation, combined with high vapor-density, produces a condition 
the displacing action of which shows many resemblances to the 
effect of pressure. 


The writer wishes to acknowledge the valuable assistance of 
Mr. Colby and of Mr. Monk, who operated the micro-photometer 
in registering the curves for this investigation. 


Mount WILSON SOLAR OBSERVATORY 
April 20, 1915 


AN APPARENT RELATION BETWEEN THE RADIAL 
VELOCITIES OF THE STARS AND THEIR 
MAGNITUDES 


By. C. D. PERRINE 


In a former paper’ I presented evidence showing a relation 
between the inherent radial velocities of 225 of the brighter stars 
of Class B and their magnitudes, the fainter stars having the greater 
velocities. 

The investigation has now been extended to cover the stars of 
Classes A, F, G, K, and M as contained in Campbell’s lists pub- 
lished in Lick Observatory Bulletin, Nos. 211 and 229. 

The results given below are derived from Campbell’s V, value 
for the stars of Class A and similar values of the radial velocities of 
the other classes. For classes F, G, K, and M these values were 
obtained by correcting the observed velocities for the solar motion, 
using a=270, 6=+30, Vo=—19.5km, and K=o. 

In order to make the entire investigation more homogeneous 
new results were obtained for the stars of Class B also, using the same 
apex and value of V as for the other classes and ignoring K. The 
results are included in the following tables along with the others. 
These differ somewhat in detail from those published earlier, which 
include the effect of the K term. The dependence upon magni- 
tude is still shown, however, although not with so large a range. 

It is perhaps a question as to the best system for such an 
investigation—whether the exclusion of the K term represents the 
real velocities of the stars more accurately or not. I have found 
some very peculiar results of a semi-systematic nature in prac- 
tically all of the classes, for groups in different parts of the sky, 
which make me doubt the advisability of assuming that K depends 
simply on spectral class or subdivision. I hope to publish the 
preliminary results of that investigation soon. In the meantime 
I prefer to treat the present investigation without any limitation 
in that respect. 

* Astrophysical Journal, 41, 315, 1915. 
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The means of the velocities by classes and magnitudes are given 
in Table I. 
TABLE I 


| B A F | G | K M 
| No | V No. V No V | No V No. V | No V 
1.9 and | | f 14.8 |) 
brighter, Ir | 5.7 8 |15.1 II 7 |12.5 9.2 | 6 | 12.5 
if 19 | 8.0 | |} 
2.@-2.9..||*17 6.2 IQ |12.2 | |ta.2 || 8.6 
3-0-3.9..| 43 | 7-3] 26 | 8.7 _ 28 [16.3 | 23 |13.7 | 87 3 |) | 
4.0-4.9..|)152 | 7.9 | 121 |10.7 | 161 |14.9 || 108 |13.7 || 309 |) 64] 18.5 
5.0 and | 


* Rejecting one or two abnormally large velocities. 


To test any possible effect of the known preference of the higher 
velocities for the Milky Way, the results were classified also in that 
respect. The result is shown in Table II. 


TABLE II 


0° TO +20° + 20° TO +40° 40° TO 


CLass MAGNITUDE 
No. Mean V No. Mean V No. Mean V 


km km km 

B { 2.9 and brighter .. 24 | 7-5 I 4.9 5 6.1 
3.0 and fainter....| 132 | 8.1 33 8.4 20 4.1 
A { 2.9 and brighter .. | 28.3 3 4.3 
| 3.0 and fainter... . | 14.8 4 7.4 5 
rN { 2.9 and brighter... 7 | 26.5 2 7.0 3 8.3 
| 3.0 and fainter... . 21 10.8 16 10.2 34 9.3 
2.9 and brighter... 22.9 I 0.6 3 8.9 
“3---) 3.0 and fainter... . 21 12.2 12 13.8 27 8.8 
2.9 and brighter... 2 14.6 I 4.9 
5~* ‘|| 3.0 and fainter... . 16 13.2 5 8.7 23 13.1 
F J 2.9 and brighter... 8 13.6 2 7-3 I 2.8 
3.0 and fainter... . 65 15.9 35 17.8 84 13.4 
G 2.9 and brighter.. . 3 | 17-9 4 8.5 
aa || 3.0 and fainter... . 46 | 26.5 32 | 29.2 60 16.0 
2.9 and brighter.. . 15 9 10.9 4 
| 3.0 and fainter....| 156 | 17.8 103 19.4 152 16.5 

M { 2.9 and brighter... 3 | 9.4] 2 9-5 2 18.6T 
| 3.0 and fainter... . 16 | 19.5} 17 17.4 35 15.4 


* Rejecting two large values of 68.7 km and 38.4 km. 
t The individual values are 35.7 km and 1.5 km. 
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Finally the results were generalized by combining all results 
into two classes of magnitude, viz., 2.9 and brighter, and those of 
3.0 and fainter. The results are given in Table III. 


TABLE III 
Class 2.9 and Brighter 3.0 and Fainter 

km km 
12.0 15.6 
10.6 18.5 
II.0 13.6 


As a further test of the reality of this dependence upon mag- 
nitude, the velocities of the B stars in the region of sky from 10% 
to 14" were tabulated. As these stars are practically all in the 
Milky Way and the center of this region at go° from the apex, the 
result should be almost entirely free from systematic errors depend- 
ing upon uncertainties in the velocity and direction of motion of 
the observer and from the effect of large or small systematic veloci- 
ties in different regions of the sky, should the distribution not be 
essentially uniform. The result is given in Table IV. 


TABLE IV 
No. of Stars V 
km 
1.9 and brighter. . . 5 -.2 
4.0 and fainter... .. 20 10.1 


The increase of velocity with decrease of brightness is clearly 
exhibited in all classes except A, where the reverse seems to be true. 
The stars for that class were arranged, not only with respect to 
the galaxy, but also with respect to the spectral subdivisions. 
This classification showed that the apparent exception was only 
in the stars of the galaxy—all of the A stars in other parts of 
the sky conforming to the condition observed in the other classes, 
notwithstanding the small number in each compartment. 
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In the galaxy, however, all the subdivisions show a decidedly 
higher velocity for the brighter stars than for the fainter ones. 
This can hardly be mere coincidence even in such meager data, 
and probably indicates a real tendency and not simply an accidental 
accumulation of high velocities, although it is to be noted that 
in the stars of Classes F, G, and K, where large velocities as well 
as quite small ones are frequent, it is not difficult for accidental 
accumulation in small groups to form apparent exceptions. Sucha 
case probably is that of the stars of magnitude 3.o—3.9 in Class F. 

It is to be observed that the bright galactic A stars show 
velocities much higher than the brighter stars of the other classes, 
whereas the fainter galactic A stars fall in the progression accord- 
ing to class. 

A possible explanation of this apparent abnormality is that 
these stars have acquired high velocities under some exceptional 
condition, for they are considerably higher than the average fainter 
stars of the same class. Another explanation which satisfies the 
condition, provided the increase of velocity with decrease of bright- 
ness extends also to fainter magnitudes than those at present 
observed, is that some such stars have wandered sufficiently near 
to appear relatively bright. 


CONCLUSIONS 


The foregoing investigation strongly indicates a dependence 
of the inherent radial velocities of the brighter stars of Classes B, 
A, F, G, K, and M upon magnitude. 

The stars involved number 1309, over half of the total number 
of stars of magnitude 5.5 and brighter, and therefore give confi- 
dence of representing the real conditions existing among such stars. 

Strong corroboration of this conclusion is found in the fact that 
the highest velocities are found only among the fainter stars, not 
a single instance to the contrary being known. 

Of the 38 stars in the list having velocities of 50km and over, 
only one is as bright as magnitude 2.4 and four are between 3.0 
and 4.0. There are five stars of too km and over, the brightest 
of which is of magnitude 5.2—the mean magnitude of the five 
being 6.9. 
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As the stars of greatest known velocities are below the visible 
magnitudes, it seems reasonable to suppose that an increase of 
velocity may also continue with decrease of magnitude below the 
fainter limit of this investigation. 

The magnitude-velocity equation appears to increase in the 
stars of later type. 

Campbell concluded' from his investigations that the radial 
velocities increase toward the galactic plane, especially among the 
stars of earlier class. My own investigations tend to confirm that 
conclusion. The greatest velocities among the fainter stars of 
Classes F, G, and K appear to be on the edges of the Milky Way 
rather than near its central line. 

The highest velocities known show a decided preference for 
the Milky Way. Seventy-five per cent of the velocities of 50km 
and over are within 40° of the galactic plane and 40 per cent are 
within 20°. All five stars having velocities over 100 km are within 
40° of the galactic plane. 

The cause of such a dependence upon magnitude may be com- 
plicated or obscure, but at first sight it seems most likely to result 
from one of two causes, viz.: (a) a difference in size or density, 
or both, in conjunction with some form of resisting medium; 
(b) that the fainter stars are those which are farther away from the 
observer and nearer to a source of general gravitational action. 
That the Milky Way is deeply concerned in either case seems 
probable. 

Here again, as in almost all other problems relating to the 
arrangement of the universe of stars, we need more complete knowl- 
edge of their distances and masses. An investigation of these 
conditions should aid materially in explaining the cause of this 
dependence upon brightness. 

OBSERVATORIO NACIONAL ARGENTINO 


CORDOBA 
March 17, 1915 


* Lick Observatory Bulletin, No. 196, p. 130. 
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MINOR CONTRIBUTIONS AND NOTES 


A SENSITIVE PHOTO-ELECTRIC CELL 


Many investigations require a sensitive photo-electric cell 
equipped with a quartz, or fluorite, window. The most sensitive 
cells are those in which the photo-electric metal is a layer of 
sodium, or potassium, prepared by distilling in vacuo. Descriptions 
of methods of preparation of this type of cell have been given by 
Hughes' and by Ives,’ but it is believed the following method is 
more simple and easier to carry out. 

A glass bulb 4 cm in diameter is blown, with three side-tubes 
A, B, and C (Fig. 1). A brass wire is sealed in B, and from B 


a side-tube leads to the pump through a ground-glass joint, so that 
the whole cell may be rotated. On A is sealed the quartz (or 
fluorite) window with red sealing-wax. D is a platinum electrode, 
bent over until it touches the interior of the glass surface, to insure 
contact with the layer of sodium. The cell is thoroughly cleaned 
with chromic acid and alcohol, and dried. A small glass capsule is 


* Phil. Mag., 25, 679, 1913. 
2 Astrophysical Journal, 39, 428, 1914. 
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stuffed full of clean metallic sodium (of course covered with the 
oxide) and this capsule is then placed in the tube C, which is there- 
upon sealed off. The cell is then connected to the pumps by 
means of the ground-glass joint and is exhausted. With the 
tube A vertically upside down, so that the quartz window may be 
immersed in water, the whole cell is heated all over with the flame 
of a small blast-lamp as hot as advisable (too hot to touch). The 
pumps are running all the while to take away any gases which may 
be driven from the glass surface, and the cell is then allowed to cool. 
When coo! it is rotated into the position shown in Fig. 1. The 
quartz window is protected now by an asbestos shield and is kept 
cool by a wad of wet cotton. By a careful manipulation of the 
small blast-lamp.the sodium is distilled up through the constriction 
E (which must be of even thickness, and well annealed), and soon 
the whole interior of the bulb is covered with a layer of sodium. A 
glance into the cell shows that the interior is covered with a beauti- 
ful deposit in the form of white droplets. When the layer is fairly 
opaque to transmitted light enough sodium has passed over, and the 
distillation is stopped. 

During the distillation E must be kept very hot, but care must 
be taken that no sodium vapor condenses on the quartz window. 
The pumps must be running during the entire process, for the 
sodium gives off hydrogen in large quantities. The constriction E 
must finally be heated enough to clean the glass entirely of any 
sodium, and then the tube C may be sealed off. Unless E£ is clean, 
the seal will surely crack upon cooling. Finally the cell is sealed 
off from the pumps. This method yields an extremely sensitive cell. 


E. O. HULBURT 
Jouns Hopkins UNIVERSITY 
May 7, 1915 


THE SPECTRAL DISTRIBUTION OF THE STARS OF 
LARGE RADIAL VELOCITY 


In classifying the stars for various purposes, it was noticed that 
the largest radial velocities appeared to be in Classes F, G, and K. 
It became of interest and of importance in properly interpreting 
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certain relationships to examine the distribution of these very high 


velocities. Table I exhibits the principal results of that investiga- 
TABLE I* 
B A F G K M 

i ee 225 212 200 153 443 80 
No. of stars, 50 km 

and over........ ° ° 3 16 16 4 
No. of stars, 50km 

and over per 100 o ° < 10.5 3.6 5.0 
6.1 5-4 4-3 4.4 
No. of stars, 100 km 

° ° I 3 I ° 
Mean velocity,t all 

stars in class..... 7.7km 14.9km) 21.4km_ 17.5km_ 17.3km 


* Compiled from Campbell’s catalogues. 
¢ Corrected for solar motion of —19.5 km and K =o. 


tion. This tabulation shows that the largest number of great 
velocities, the greatest velocities, and the highest average for the 
large velocities occur in stars of Classes F and G. 

This result from 1300 stars almost certainly represents correctly 
the general tendency in the naked-eye stars and probably in the 
stars to eighth or ninth magnitude as well. 

Table II shows the result of additional velocities determined at 
Mount Wilson from stars having large proper motions and pub- 
lished in the Mt. Wilson Contr., Nos. 59 and 79. Only those stars 
having velocities of 50 km and over are included. These results 


TABLE II 
B A F G K M 
No. of stars. ...... ° 2 4 6 3 I 
Mean magnitude... ......... 7.6 | 7.2 6.4 6.5 7.6 
4km 3178km| 64km 54 km 85 km 


Mean Velocity. 15 


tend to confirm the conclusion already arrived at, but to place the 
highest velocities rather earlier in the spectral scale. It is not, of 


course, contended that the numerical results are more than approxi- 
All recent investigators have shown that the stars of Classes 


mate. 
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F and G have the largest average proper motions and are the nearest 
tous. The conclusion from this is that the average stars of Classes 
F and G, solely because of their nearness, appear brighter to us than 
the average stars of any other class of the same size or absolute 
brilliancy. 

The finding of the maximum of radial velocities among the faint 
stars of Classes F and G tends still further to confirm the conclusion 
that the radial velocities, and probably the total velocities, are 
functions in general of the brightness of the stars and possibly also 


of their sizes or masses. 
C. D. PERRINE 
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NOTICE 


The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention is given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
‘“‘astronomy of position’’); spectroscopic, photometric, bolometric, and radio- 
metric work of all kinds; descriptions of instruments and apparatus used in 
such investigations; and theoretical papers bearing on any of these subjects. 

Articles written in any language may be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they usually will be 
translated into English. Tables of wave-lengths will be printed with the 
short wave-lengths at the top, and maps of spectra with the red end on the 
right unless the author requests that the reverse procedure be followed. 

Accuracy in the proof is gained by having manuscripts typewritten, 
provided the author carefully examines the sheets and eliminates any errors 
introduced by the stenographer. It is suggested that the author should 
retain a carbon or tissue copy of the manuscript, as it is generally necessary 
to keep the original manuscript at the editorial office until the article is 
printed. 

All drawings should be carefully made with India ink on stiff paper, 
usually each on a separate sheet, on about double the scale of the engraving 
desired. Lettering of diagrams will be done in type around the margins of 
the cut where feasible. Otherwise printed letters should be put in lightly 
with pencil, to be later impressed with type at the editorial office, or should 
be pasted on the drawing where required. 

Where unusual expense is involved in the publication of an article, 
either on account of length, tabular matter, or illustrations, arrangements 
are made whereby the expense is shared by the author or by the institution 
which he represents. 

Authors will please carefully follow the style of this JOURNAL in regard 
to footnotes and references to journals and society publications. 

Authors are particularly requested to employ uniformly the metric units 
of length and mass; the English equivalents may be added if desired. 

If a request is sent with the manuscript, one hundred reprint copies of 
each major article, bound in covers, will be furnished free of charge to the 
author. Additional copies may be obtained at cost price. No reprints can 
be sent unless a request for them is received before the JOURNAL goes to press. 

The editors do not hold themselves responsible for opinions expressed 
by contributors. 

The ASTROPHYSICAL JOURNAL is published during each month except 
February and August. The annual subscription price is $5.00; postage on 
foreign subscriptions, 62 cents additional. Business communications should 
be addressed to 7he University of Chicago Press, Chicago, [//. 

All papers for publication and correspondence relating to contributions 
should be addressed to the Editors of the ASTROPHYSICAL JOURNAL, Yerkes 
Observatory, Williams Bay, Wisconsin, U.S.A. 


404 


INDEX TO VOLUME XLI 
SUBJECTS 
Alkali and Alkaline Earth Metals, Grundspectra of. Edgar H. 


Nelthor pe 
Dispersion in the Albrecht 
Anomalous Dispersion in the Sun in the Light of Observations. 
Charles E. St. John 

Argon, Note on the Blue Spectrum al, Emil Paulson 

Atomic Structure, The Stark Effect and. Gordon S. Fulcher 

Binaries, Parallaxes of Four Visual. Frederick Slocum 

Calcium, Non-Existence of the Line of Wave-Length 6708 A in Arc 
Spectrum of. H.G. Woodward ; 

Cell, A Sensitive Photo-electric. E. O. Hulburt 

Chromium, Variation with Temperature of the Electric — 
Spectra of. Arthur S. King 

Cluster Messier 3, Comparison between Distribution of — in 
Spectrum of Integrated Light of, and of Neighboring Stars. 
E. Hertzsprung . 

Dunér, Nils Christofer. 

Flash Spectrum without an Eclipse. Region A 4800- N Sten. Walter 
S. Adams and Cora G. Burwell 

Grundspectra of Alkali and Alkaline Earth Metals. Edgar H. Nel- 
thor pe 

Harvard and Mount W Scales of Fhotegraphic Magnitude, Com- 
parison of. Frederick H. Seares 

Index 

Interferometer, Simplest Form Stellar, fer Angular 
Diameters of Stars by Means of ee Polarized Light. 
S. Pokrowsky 

Iron and a Comparison with Dissy: mmetries in Spark Spectra, The 
Tube-Arc Spectrum of. Arthur S. King 

p Leonis, A Criterion for Spectroscopic Binaries, with an Application 
to. Frank Schlesinger 

Magnitude, Comparison of the ond Ww eon Scales 
of Photographic. Frederick H. Seares 

Magnitude, Device for Avoiding Systematic Error Depending on. 
J.C. Kapteyn 


405 


PAGE 


2590 


147 


333 
28 
7s 
359 
237 a = 
400 = 
86 
10 
Sr 
116 
16 = 
= 
495 
373 
162 
259 
2 


406 INDEX TO SUBJECTS 


Magnitudes and Spectral Subdivisions of Stars within Class B, 
Apparent Dependence of Radial Velocities and Proper Motions 
upon. C. D. Perrine 

Magnitudes, Apparent Relation between Radial Velocities of Stare 
and Their. C. D. Perrine 

Magnitudes of Stars near North Pole, Photographic ond Photo- 
visual. Frederick H. Seares . 

Mount Wilson and Harvard Scales of Maguitade, om- 
parison of. Frederick H. Seares a 

Nebulous Region near Omicron Persei. £. E. Barnard 

Parallaxes of Four Visual Binaries. Frederick Slocum 

Periodograph, An Optical. A. E. Douglass 

o Persei, Great Nebulous Region near. E. E. Dinnned 

Photo-electric Cell, A Sensitive. FE. O. Hulburt 

Prominence of October 19-21, 1914. Oliver J. Lee 

Proper Motion Exceeding 0’50 Annually, List of Stars with. Adriaan 
Van Maanen 

Proper Motions, Apparent Dependence of the Radial V ducities and, 
upon Magnitudes and Spectral Subdivisions of the Stars 
within Class B. C. D. Perrine 

Radial Velocities and Proper Motions upon Magnitudes ond Spectral 
Subdivisions of Stars within Class B, Apparent Dependence of. 
C. D. Perrine 

Radial Velocities of Stars of Class Ma. Paul W. 

Radial Velocities of the Stars and Their Magnitudes, Apparent Rela- 
tion between. C. D. Perrine a 

Radial Velocity, Spectral Distribution of Store of Lange. 
Perrine 

Reviews: 

Alexander Philip. The Reform of the Calendar (Edwin B. Frost) 

E. C. Pickering. Color-Equation of Various Star Catalogues (J. A. 
Parkhurst) 

G. Miiller und P. Keupl. Beitrag sur wach her Abhdngigheit 
der Helligkeitsmessungen der Sterne von der Farbe (J. A. Park- 

Harold Jacoby. Astronomy, A Popular Handbook (Jessie M. 
Short) 

E. Przybyllok. Shapley) 

Données numériques de spectroscopie (Henry G. Gale) 

A. Berget. The Earth, Its Life and Death (E. Blackwelder) 

G. F. Chambers. Astronomy (Philip Fox) : 

Scheiner, Julius. Edwin B. Frost 

Series, Different Character of Spectrum Lines Belonging to the Same. 

T. Royds 


PAGE 


315 

395 

206 
259 
253 

237 

173 

253 

400 

168 

187 

315 

315 

247 

395 
402 

172 

250 

250 

252 

328 

329 
339 

331 

I 

154 


INDEX TO SUBJECTS 


Spectra, Observations of the Grundspectra of Alkali and Alkaline 
Earth Metals. Edgar H. Nelthorpe 

Spectra of Vanadium and Chromium, Variation with Temperature of 
the Electric Furnace. Arthur S. King 

Spectral Distribution of the Stars of Large Radial Velocity. C. D. 
Perrine ‘ 

Spectral Subdivisions and Magnitudes of the Stars within Cc lane B, 
Apparent Dependence of Radial Velocities and Proper Motions 
upon. C. D. Perrine 

Spectroscopic Binaries, Criterion for, with an houliceion top Leonie. 
Frank Schlesinger. 

Spectrum, Flash, without an Eclipes. Region Walter 
S. Adams and Cora G. Burwell 

Spectrum Lines Belonging to the Same Series, Different Cc havacter of. 
T. Royds 

Spectrum of Argon, Note on the Blue. Emil Posten 

Spectrum of Calcium, Non-Existence of the Line of Wave- Length 

7o8 Ain Arc. H.G. Woodward . 

Spectrum of Integrated Light of Globular Cluster — 3 and of 
Neighboring Stars, Comparison between Distribution of 
Energy in. Hertzsprung . 

Spectrum of Iron and a Comparison with Dissymmetrics i in Spark 
Spectra, The Tube-Arc. Arthur S. King 

Spectrum of Yttrium. Emil Paulson 

Spectrum Series, Some Recent Discoveries in. F. A. Saunders 

Stark Effect and Atomic Structure. Gordon S. Fulcher 

Stars and Their Magnitudes, Apparent Relation between the Radial 
Velocities of. C.D. Perrine . 

Stars near North Pole, Photographic and Photo- wieuel Magnitudes 
of. Frederick H. Seares . 

Stars of Class Md, Radial Velocities of. Paul M. Merrill . 

Stars of Large Radial Velocity, Spectral Distribution of. C. D. 
Perrine 

Stars, Simplest Form of ‘Stellar Interferometer for Determining 
Angular Diameters of, by Means of Elliptically Polarized 
Light. S. Pokrowsky 

Stars with Proper Motion Exceeding 0750 List Adriaan 
Van Maanen 

Stars within Class B, Apparent Dependence of Radial V locities and 
Proper Motions upon Magnitudes and Spectral Subdivisions of. 
C. D. Perrine 

Stellar Photographs, Device for Avoiding Systematic Revor Depending 
on Magnitude in Measurement of. J.C. Kapteyn ; 

Structure, Atomic, The Stark Effect and. Gordon S. Fulcher 


407 


PAGE 


373 

72 
323 
359 
395 


206 
247 


401 


147 


187 


|| 
4 
16 
401 
Is 
315 
162 
116 
154 
I 69 
| 
= 
315 
77 
359 


408 INDEX TO SUBJECTS 


Sun, Anomalous Dispersion in the. Sebastian Albrecht 

Sun, Anomalous Dispersion in the, in the Light of Cherrvutions. 
Charles E. St. John . 

Tube-Arc Spectrum of Iron and a Comparison with Disey mmetries in 
Spark Spectra. Arthur S. King 

Vanadium, Variation with Temperature of the Electric — 
Spectra of. Arthur S. King . ae 

Variable Stars, Miscellaneous Notes on. Harlow Shapley 

Variables, Some Orbital Characteristics of the Cepheid-Geminid, and 
Suggested Explanation of Cause of Their Light-Variations. 
Harlow Shapley 

Yttrium, On Spectrum of. Emil Paulson 


PAGE 
333 
28 
373 
86 
2gI 
3°97 


INDEX TO VOLUME XLI 


AUTHORS 


ApAMs, WALTER S., and Cora G. BurWELL. The Flash Spectrum 
without an Eclipse. Region A 4800-— A 6600 
ALBRECHT, SEBASTIAN. Anomalous Dispersion in the Sun 
Ancstrém, ANDERS. Nils Christofer Dunér 
BARNARD, E. E. A Great Nebulous Region near Oudicomn Pereal 
BLACKWELDER, E. Review of: The Earth, Its Life and Death. A. 
BURWELL, Cora G., and WALTER S. ApAms. The Flash Spectrum 
without an Eclipse. Region A 4800—A 6600 
Dovctass, A. E. An Optical Periodograph . 
Fox, Putuip. Review of: Astronomy, G. F. Chambers 
Frost, Epwin B. Julius Scheiner 
Review of: The Reform of the Calendar, Alenender Philip 
GorpDON S. FuLcHER. The Stark Effect and Atomic Structure 
Gave, Henry G. Review of: Données numériques de spectroscopie 
HERTZSPRUNG, E. Comparison between the Distribution of Energy 
in the Spectrum of the Integrated Light of the Globular Clus- 
ter Messier 3 and of Neighboring Stars 
E. O. Hutsurt. A Sensitive Photo-electric Cell . 
KapTEYN, J.C. Ona Device for Avoiding Systematic Error Depent- 
ing on Magnitude in the Measurement of Stellar Photographs 
KinG, ARTHUR S. The Variation with Temperature of the Electric 
Furnace Spectra of Vanadium and Chromium ; 
The Tube-Arc Spectrum of Iron and a Comparison with Dic- 
symmetries in Spark Spectra 
LEE, OLIVER J. The Solar Prominence of 19-21, 1914 
MERRILL, PAuL W. The Radial Velocities of Stars of Class Md 
NELTHORPE, EpGAR H. Observations of the Grundspectra of Alkali 
and Alkaline Earth Metals 
PARKHURST, J. A. Review of: Color-Equation of Various Star 
Catalogues, E. C. Pickering 
Review of: Beitrag zur Frage nach der Abhangigke it de Hellig- 
keitsmessungen der Sterne von der Farbe, G. Miiller und P. 
Kempf 
PAULSON, Emit. On the Spectrum of Yttrium 
Note on the Blue Spectrum of Argon 


409 


= 
PAGE 
116 
333 4 
81 
253 
330 
116 
173 
331 
172 
329 
10 
400 
7 
= 
2" 
373 
168 
247 
16 
250 
250 


410 INDEX TO AUTHORS 


PERRINE, C. D. Some Orbital Characteristics of the Cepheid- 
Geminid Variables and a Suggested Explanation of the Cause 
of Their Light-Variations 

An Apparent Dependence of the Radial Velocities and Proper 
Motions upon Magnitudes and Spectral Subdivisions of the 
Stars within Class B 

The Spectral Distribution of the Stars of Large Radial V locity 

An Apparent Relation between the Radial Velocities of the Stars 
and Their Magnitudes 

Pokrowsky, S. On the Simplest Form of the Stellar Interferometer 
for Determining the Angular Diameters of Stars by Means of 
Elliptically Polarized Light 

Royps, T. The Different Character of Spectrum Sten Bdensing te to 
the Same Series 

St. JoHN, CHARLES E. Anomalous Dispersion in the Sun in the 
Light of Observations 

SAUNDERS, F. A. Some Recent Discoveries in n Spectrum Series 

SCHLESINGER, FRANK. A Criterion for Spectroscopic Binaries, with 
an Application to p Leonis 

SEARES, FREDERICK H. Photographic and Photo- 
of Stars near the North Pole , 

A Comparison of the Harvard and Mount W —_ feales of 
Photographic Magnitude 

SHAPLEY, HARLOW. Miscellaneous Notes on V athe — 

Review of: Polhihen-Schwankungen, E. Przybyllok 

SHorT, JeEsstrE M. Review of: Astronomy, A Popular Benibesk, 
Harold Jacoby . 

SLocuM, FREDERICK. Parallaxes of V 

Van MAANEN, ADRIAAN. List of Stars with Proper Motion aveed- 
ing Annually 

Woopwarp, H. G. On the Non- Ralstence a the Lise of W ave- 
Length 6708 A in the Arc Spectrum of Calcium 


PAGE 


3°97 


315 


401 


395 


147 


154 


28 
323 


162 


|_| 
|_| 
|__| 
|_| 
206 
259 
291 
328 
252 
237 
187 
169 


ane 


q 


Recent and Forthcoming 
Publications of The University 
of Chicago Press—Winter, 1915 


THE UNIVERSITY OF CHICAGO PRESS BUILDING 


AGENTS 
Tue Baker & Taytor Company - - New York 
THe Camsrince University Press London and Edinburgh 
Kart W. HierseMann - - - Leipzig 


THe Maruzen-Kasusniki-KaisHa, Tokyo, Osaka, and Kyoto 


age 
= 
| 


POSTAL RATES ON BOOKS 


On the books listed in this Bulletin, postage is extra in all cases where 
postpaid price is not given. Under the parcel post regulations it is impos- 
sible to indicate the postpaid price of publications weighing more than 
eight ounces. The cost of transportation of such books is now figured at 
the pound rate, and depends on the distance in zones from Chicago. As 
an aid in estimating the carriage charges the weight of each book, wrapped 
for shipping, is given. With this as a basis, the rate on any book from 
Chicago to the postal zone in which the purchaser resides may be ascertained 
from the local post-office. 

In some cases of great distance from Chicago, it is cheaper to ship by 
express than by parcel post. Any saving thus made in the expense of trans- 
portation is refunded to the customer. 

Remittances should be made in Chicago or New York exchange; if 
local check is used, 10 cents must be added for collection. 


2 


Recent and Forthcoming Publications 


of The University of Chicago Press 


The Evolution of Early Christianity. By Shirley Jackson Case, 
Associate Professor of New Testament Interpretation in the 
University of Chicago. 


x-+ 386 pages, 12mo, cloth; $2.25, postage extra (weight 1 Ib. 11 02z.) 


The beginnings of the Christian movement are here studied 
from a wholly new point of view. By examining the actual 
religious situation in which the Christians of the first century 
lived, the author is able to shed fresh light on many parts of the 
New Testament. Some of the subjects discussed are Christian- 
ity’s developmental nature, the importance of environment for 
Christian origins, the early believers’ Jewish connections and the 
causes of their break with Judaism, their contact with various 
gentile religions such as emperor worship, Stoicism, and oriental 
mystery cults, and the ultimate triumph of Christianity. 


Water Reptiles of the Past and Present. By Samuel Wendell 
Williston, Professor of Paleontology in the University of 
Chicago. 
viii+252 pages, royal 8vo, cloth; $3.00, postage extra (weight 2 lbs. 8 oz.) 
Professor Williston, who is widely known as a student of ex- 

tinct reptiles and as the author of American Permian Vertebrates, 
which has now become a recognized authority, presents in this 
new volume a summary, divested as far as possible of unneces- 
sary scientific details, of our present knowledge concerning the 
reptiles of the seas, lakes, and rivers of past and present times. 
While no attempt has been made, save incidentally, to discuss 
the strictly terrestrial reptiles, twelve of the fourteen orders of 
the class recognized by the author are treated more or less fully 
—their structure, habits, geological distribution, etc. Unlike 
most of the works for the general reader treating of ‘‘ancient 
monsters,”’ the present work is by an author who has spent many 
years in the field and laboratory in the collection and study of 
extinct reptiles, upon which he has an international reputation 
as an authority. 
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The numerous illustrations, in large part from the pen or 
brush of the author himself, include not only living types and 
twenty-four restorations of extinct forms, but also many figures 
elucidating the structure and habits of the animals. 


William James and Henri Bergson. A Study in Contrasting 
Theories of Life. By Horace Meyer Kallen, of the Univer- 
sity of Wisconsin. 

xii-++ 248 pages, 12mo, cloth; $1.50, postage extra (weight 1 lb. 5 oz.) 

This volume by Dr. Kallen, of the University of Wisconsin, 
is a study in philosophic contrasts. It points out how William 
James and Henri Bergson, although showing certain general 
tendencies of thought, formulate divergent, and in some respects 
antagonistic, theories of life and fate. Beginning with a novel 
critique of the philosophic tradition the book makes clear how, 
in the conceptions of method, of the nature of reality, of the 
existence and character of the gods, of the nature and destiny 
of the human soul, Bergson, with all his originality, merely con- 
tinues the tradition of transcendentalism, while James in each 
instance strikes out anew. 

This highly interesting and significant book on the relation 
between the philosophies of William James and Henri Bergson 
is the work of a man who had the privilege of being a student 


under both men, and who was chosen by the late Professor 
James to edit his unfinished work. 


The Weather and Climate of Chicago. (Bulletins of the Geo- 
graphic Society of Chicago.) By Henry J. Cox, Professor of 
Meteorology, United States Weather Bureau, and John H. 
Armington, Local Forecaster, United States Weather Bureau. 

xxvi-+ 376 pages, 8vo, cloth; $3.00, postage extra (weight 3 lbs. 1 oz.) 

Of general interest because of its character and authority, 
this book is naturally of peculiar interest to residents of Chicago 
and the Middle West. Its importance is indicated by the 
fact that it is issued under the auspices of the Geographic 
Society of Chicago, and has been prepared by two of the best 
known weather experts in the country. It includes discussions 
of a great variety of subjects, such as temperature, precipitation, 
atmospheric moisture, cloudiness and sunshine, wind direction 
and velocity, barometric pressure, and storm tracks; and among 
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the interesting appendixes to the book are one on the weather of 
holidays and another containing journal entries relative to the 
great Chicago Fire of 1871. 

The volume contains also a remarkable series of tables with 
reference to temperature, precipitation, atmospheric moisture, 
and atmospheric pressure—one hundred and forty-seven in all, 
with more than one hundred figures and plates. 


The Lincoln and Douglas Debates. (Publications of the Chicago 
Historical Society.) By Horace White. 


With 4 plates. 32 pages, 8vo, paper; 25 cents, postpaid 27 cents 


This account of the famous debates is notable because the 
writer accompanied Mr. Lincoln on his tour of Illinois and re- 
ported his speeches. Mr. White’s later experience as editor of 
the Chicago Tribune and of the New York Evening Post peculiarly 
qualifies him for setting forth adequately the character and 
effects of the debates. 


The Nation. The pamphlet would be an admirable supplement to any 
textbook in United States history. 


The Problems of Boyhood. A Course in Ethics for Boys of High- 
School Age. By Franklin Winslow Johnson, Principal of 
the University High School, University of Chicago. 


xxvi-+ 130 pages, 12mo, cloth; $1.00, postage extra (weight 1 lb.) 


This book, prepared by the laboratory method, is the result 
of the experience of a teacher of boys in the high school, a leader of 
high-school boys in the Sunday school, and of work with boys 
of a similar age in Young Men’s Christian Association groups. 
Such topics as Keeping Clean, Habits, Gambling, Betting, 
Clean Speech, Right Thinking, Sex, Loyalty, Self-Control, and 
other themes of equal importance are discussed informally and 
in such a way as to arouse the keenest interest on the part of 
boys. This long-needed book will be useful, not only in the 
Sunday school, but in day-school and Association classes. It is 
the first book in the field to start with a recognition of the boy’s 
point of view. 
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Graded Social Service for the Sunday School. By William Nor- 
man Hutchins. 
xii + 135 pages, 16mo, cloth; 75 cents, postage extra (weight 12 0z.) 

A highly suggestive discussion of the question as to what 
may be done in the Sunday school to convert its social teaching 
from theory into practice. As the outcome of a wide study of 
present activities the author presents a varied program of possi- 
bilities, from which teachers and workers may select according 
to the conditions in their own schools. 


The Sunday-School Building and Its Equipment. Jy Herbert 
Francis Evans, Professor of Religious Education in Grinnell 
College. 


xvi-+ 116 pages, 16mo, cloth; 75 cents, postage extra (weight 12 0z.) 


With the modern reorganization of the curriculum of the 
Sunday school there has come an urgent demand for adequate 
housing of the school; and the author in this book answers the 
question as to how buildings should be constructed for Sunday- 
school use, and how old buildings may be remodeled at a moder- 
ate expense. It is the most recent practical discussion of 
Sunday-school architecture. 


Unpopular Government in the United States. By Albert M. Kales, 
Professor of Law in Northwestern University. 
viii-+ 264 pages, 12mo, cloth; $1.50, postage extra (weight 1 lb. 8 oz.) 


This volume by a prominent member of the Chicago bar is 
an especially timely book, presenting with great clearness and 
cogency some of the political needs of the country, particularly 
the necessity of the short ballot. The author defines unpopular 
government as one of centralized power which is able to main- 
tain itself in the face of popular disapproval. He then points 
out that the establishment in the United States of state and 
municipal governments, according to the plan of splitting up the 
power of government among many separate offices and requiring 
the widest and most frequent use of the elective principle, has 
cast so great a burden upon the electorate that an intelligent 
citizen is reduced to a state of political ignorance inconsistent 
with self-government. This situation has made it possible, he 
thinks, for a well-organized hierarchy to acquire the real power 


6 


i 


THE UNIVERSITY OF CHICAGO PRESS 


of government and to retain it, in the face of popular disapproval, 
for selfish ends. Such leaders the author characterizes as “polito- 
crats.” 

The first part of the volume deals with the rise of the “‘polito- 
crats’’; the second discusses various expedients for restoring the 
American ideal of democracy; while the third considers con- 
structive proposals like the commission form of government for 
smaller cities, and the application of the principles underlying 
this form to larger cities and the state, and to the selection of 
judges. 


Chicago Tribune. Albert M. Kales, Professor of Law in Northwestern 
University, has written a book which ought to be read wherever 
citizens are perplexed by the intricacies and distressed by the failures 
of government. 


Masters of the Wilderness. By Charles B. Reed. (Chicago 
Historical Society, “Fort Dearborn Series.’’) 


xii+ 144 pages, 16mo, cloth; $1.00, postage extra (weight 12 oz.) 


In reproducing these romantic episodes of our exploration 
era the author has neither exaggerated the color nor distorted 
the facts of that intensely human period. The opening essay, 
which gives its title to the volume, is a highly interesting and 
carefully wrought account of the origin and upgrowth of the 
Hudson’s Bay Company, with a portrayal of its powerful influ- 
ence on the development of Canada. ‘““The Beaver Club,”’ the 
second essay in the volume, is closely allied to the first, and con- 
cerns a social club of Montreal, the members of which were drawn 
from the partners and factors of the Northwestern Fur Company, 
for many years a rival of the Hudson’s Bay Company. For 
forty years this club dominated the commercial, political, and 
social life of Canada. The concluding essay, ‘““A Dream of Em- 
pire,’ recounts with many fresh details the adventures of Tonty 
in Old Louisiana. 


The Mississippi Valley Historical Review. The style is narrative and 
picturesque, and the book as a whole is a valuable contribution to 
our western history. 
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The French Verb: Its Forms and Tense Uses. By William A. 
Nitze and Ernest H. Wilkins, of the Department of Romance 
Languages and Literatures, the University of Chicago. 


40 pages, 8vo, paper; 25 cents, postpaid 28 cents 
French Verb Blanks, per pad, 25 cents; postage extra (weight 14 0z.) 


This little book prepared by Professor Nitze and Professor 
Wilkins, of the Department of Romance Languages and Litera- 
tures in the University of Chicago, will be of especial interest and 
value to all students and teachers of French because of the great 
help it gives in the mastery of the French verb. It is intended 
to facilitate familiarity with the verb forms and fix them in the 
student’s memory by associating those tenses which are actually 
related in form. A method of classroom drill is suggested; the 
table and discussion of tense uses are self-explanatory; and 
the illustrative material, when quoted, is drawn from standard 
nineteenth-century writers. 

Verb blanks, for the suggested arrangement of verb forms, 
will be supplied in pads at the prices indicated above. 


A Manual for Writers. By John M. Manly, Head of the Depart- 
ment of English in the University of Chicago, and John A. 
Powell, of the University of Chicago Press. 


= 226 pages, 12mo, cloth; $1.25, postage extra (weight 1 Ib. 6 oz.) 
Paper; $1.00, postage extra (weight 1 lb. 2 oz.) 


A book designed to aid authors and all others who are con- 
cerned with the writing of English. It aims to answer the 
practical questions that constantly arise in the preparation of 
manuscripts for the printer, and the correcting of proof, busi- 
ness and social letters, and any sort of composition where cor- 
rectness of form is an important element. 

Many years of experience in authorship, in editorial work, 
and in the everyday routine of a large business office have fitted 
the authors of this work to appreciate the difficulties which 
all classes of writers encounter, and to provide an authoritative 
answer to the many questions these difficulties give rise to. 


The Independent. If writers generally would study this little book, the 
editor would find half his occupation gone. 
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Elements of Debating. A Manual for Use in High Schools and 

Academies. By Leverett S. Lyon. 

x +136 pages, 12mo, cloth; $1.00, postage extra (weight 14 oz.) 

The aim of the book is to put the well-established principles 
of the art of debating within the reach of young students. It 
therefore presents the elements of public speaking so freed from 
technicality that the student may assimilate them with the least 
possible interpretation by the teacher. 

The book consists of ten chapters and a number of appen- 
dices. Each chapter is preceded by an analysis of the subject 
and followed by a series of suggested exercises. The whole 
subject is treated in a direct, practical way with the greatest 
possible clearness, and with illustrations drawn from subjects 
familiar and interesting to high-school boys. Examples are given 
of some of the most effective arguments ever written, and a list 
of suggested topics is added in an appendix. 


Education. An admirable manual that will be helpful to the many students 
in college and high school who wish to fit themselves for public 


speaking. 


Animal Communities in Temperate America. A Study in Animal 

Ecology. (Bulletins of the Geographic Society of Chicago.) 

By Victor Ernest Shelford, Assistant Professor of Zodlogy 

in the University of Illinois. 

xiv + 362 pages, 8vo, cloth; $3.00, postage extra (weight 2 lbs. 12 oz.) 

This volume by Dr. Shelford presents the principles of 
field ecology, illustrated by the more widely distributed animal 
habitats of the eastern half of temperate North America, and 
the aquatic habitats of a much larger territory. Six chapters 
deal with general principles. 

In several chapters animal communities of lakes, streams, 
swamps, forests, prairies, and various soils and topographic 
situations are considered from the point of view of modern 
dynamic ecology. A very valuable feature of the book is the 
three hundred figures of widely distributed animals chosen to 
represent the chief types of animal communities and their 
characteristic modes of life. 


Bulletin of the American Geographical Society. This book is unique in that 
it is a pioneer of its sort and the first serious attempt to treat of the 
physiology of organisms and of animal communities in such shape as 
to serve as an adequate text and reference work for students. 
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THE UNIVERSITY OF CHICAGO 
SCIENCE SERIES 


The University of Chicago Science Series recently estab- 
lished by the Trustees of the University owes its origin to a 
feeling that there should be a medium of publication occupying 
a position between the technical journals with their short articles 
and the elaborate treatises which attempt to cover several or all 
aspects of a wide field. The volumes of the series will differ 
from the discussions generally appearing in technical journals in 
that they will present the complete results of an experiment or 
series of investigations which have previously appeared only in 
scattered articles, if published at all. On the other hand, they 
will differ from detailed treatises by confining themselves to spe- 
cific problems of current interest and in presenting the subject 
in as summary a manner and with as little technical detail as is 
consistent with sound method. They will be written not only 
for the specialist but also for the educated layman. The size of 
the volumes will range from fifty to one hundred and fifty pages. 

The series is under the editorial management of Eliakim 
Hastings Moore (Chairman), John Merle Coulter, and Robert 
Andrews Millikan. 


THE FIRST PUBLISHED VOLUME OF THE SERIES 


The Evolution of Sex in Plants. By Joun M. Courter, Head of the 
Department of Botany in the University of Chicago. x-+140 pages, 
12m0; $1.00, postage extra (weight 14 0z.). 

In this volume, which is the first of the series to be published, Pro- 
fessor Coulter treats the most important phases of the question of sex in 
plants. Reducing the amount of technical detail to the minimum, he pre- 
sents the subject in a way that will be found extremely useful to all inter- 
ested in problems connected with plant culture. Where the course of the 
discussion necessitates a certain amount of detail, illustrative figures have 
been introduced into the text with a view to greater clearness. 


OTHER VOLUMES IN PREPARATION FOR EARLY PUBLICATION 
The Origin of the Earth, By Tuomas C. CHAMBERLIN, Head of the 
Department of Geology in the University of Chicago. 


The Isolation and Measurement of the Electron. By RoBert ANDREWS 
MILLIKAN, Professor of Physics in the University of Chicago. 


Finite Collineation Groups. By Hans F. Biicuretprt, Professor of Mathe- 
matics in Leland Stanford Junior University. 
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PUBLICATIONS OF THE CHICAGO 
HISTORICAL SOCIETY 


The University of Chicago Press has become the publishing 
and distributing agent for the following books and pamphlets of 
the Chicago Historical Society: 


Masters of the Wilderness. By B. REEp. (‘Fort Dearborn 
Series.) 154 pages, 16mo, cloth; $1.00, postage extra (weight 12 0z.). 


COLLECTIONS 


Vol. I. History of the English Setilement in Edwards County, Illinois. 
By GreorcE FLower. Out of print. 

Vol. II. Biographical Sketch of Enoch Long, an Illinois Pioneer. By 
Harvey RED. 134 pages, royal 8vo, cloth; $1.00, postage extra 
(weight 1 Ib. 8 oz.). 

Vol. III. The Edwards Papers. Edited by E. B. WaASHBURNE. 662 
pages, royal 8vo, cloth; $3.50, postage extra (weight 4 lbs.). 

Vol. IV. Early Chicago and Illinois. Edited by Epwarp Gay Mason. 
538 pages, royal 8vo, cloth; $3.00, postage extra (weight 3 lbs. 10 0z.). 

Vol. V. The Settlement of Illinois. By ARTHUR CLINTON BOGGEss. 
268 pages, royal 8vo, cloth; $2.00, postage extra (weight 2 Ibs. 6 oz.). 


PAMPHLETS 
Crown 8vo, paper; 27 cents each, postpaid 


The Lincoln and Douglas Debates. By HoRACE WHITE. 

Early Society in Southern Illinois. By ROBERT W. PATTERSON. 

Eleazer Williams. By WILLIAM WARD WIGHT. 

The Chicago Common Council and the Fugitive Slave Law of 1850. By 
CHARLES W. MANN. 

Early Days of Peoria and Chicago. By Davip 

In Memoriam: John Nelson Jewett. 

The Boundary Dispute between Illinois and Wisconsin. By WILLIAM 
RADEBAUGH. 

Some Indian Landmarks of the North Shore. By FRANK R. GROVER. 

Biographical Sketch of Hon. Joseph Duncan. By E. W. BLATCHFORD. 

Biographical Sketch of Hon. John Peter Altgeld. By Epwarpd OsGoop 
BROWN. 

The Old Kaskaskia Records. By CLARENCE WALWORTH ALVORD. 

Abraham Lincoln: The Evolution of His Emancipation Policy. By PAu 
SELBY. 
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Chicago Historical Society: 1857-1907. Addresses by Ezra B. McCacc 
and FRANKLIN H. Heap. 

The Indian as a Diplomatic Factor in the History of the Old Northwest. By 
Isaac Cox. 

Father Pierre Francois Pinet and His Mission of the Guardian Angel of 
Chicago. By FRANK R. GROVER. 

Biographical Sketch of Gurdon Saltonstall Hubbard. By Henry E. 
HAMILTON. 

The Masters of the Wilderness. By CHARLES B. REED. 

The Preamble and Boundary Clauses of the Illinois Constitution. By 
HERMAN G. JAMES. 


FORTHCOMING BOOKS 


The Parts of the Body in Old Germanic and Scandinavian. (Linguistic 
Studies in Germanic.) By Thorild W. Arnoldson. 

Finite Collineation Groups. (The University of Chicago Science Series.) By 
Hans F. Blichfeldt, Professor of Mathematics in Leland Stanford Junior 
University. 

Selections from American Prose Literature. By Walter C. Bronson. 

The Origin of the Earth, (The University of Chicago Science Series.) By 
Thomas C. Chamberlin, Head of the Department of Geology in the Uni- 
versity of Chicago. 

The Psychology of Religion. (Handbooks of Ethics and Religion.) By 
George A. Coe. 

The History of the New Testament Canon. (Handbooks of Ethics and 
Religion.) By Edgar J. Goodspeed. 

Assyrian and Babylonian Letters. Vol. XIV. By Robert Francis Harper. 

The Isolation and Measurement of the Electron. (The University of Chicago 
Science Series.) By Robert Andrews Millikan, Professor of Physics in 
the University of Chicago. 

Papers of the Bibliographical Society of America, Vol. VIII. Edited by 
A.C. von Noé. 

Great Missionaries of the Christian Church. By A. K. Parker and E. D. Burton. 

A Historical Examination of Some Non-Markan Elements in Luke. (Histori- 
cal and Linguistic Studies, Vol. II, Part 6.) By Ernest W. Parsons. 

Life in Ancient Israel. By Ira M. Price. 

Words for Eating and Drinking in Germanic. (Linguistic Studies in Ger- 
manic.) By H. O. Schwabe. 

Christian Ethics. By Gerald B. Smith. 

A Guide to the Study of Christian Theology. Edited by Gerald B. Smith. 


Introduction to Religious Education. (Handbooks of Ethics and Religion.) 
By Theodore G. Soares. 
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PUBLICATIONS IN SERIES 


Publications of the National Society for the Study of Education 

(Formerly the National Herbart Society). 

The annual reports (each issued in two parts) contain important papers 
and discussions on pedagogical subjects, concerning which detailed infor- 
mation will be furnished on request. The Yearbooks for 1895-99, for 
1902-6, and for 1907-11 have been bound together, the price of each 
volume being $5.00, postage extra. 


Publications of the American Sociological Society. 
Eight volumes of Papers and Proceedings have been issued. Price per 
volume, $1.50, postage extra. 


The School Review Monographs. 


This is a series of educational papers issued under the supervision of the 
editors of the School Review. Five numbers, prepared by the Society of 
College Teachers of Education, have been issued. Price 50 cents each 
(except Number IV, 25 cents), postage extra. 


Philosophic Studies (Edited by James Hayden Tufts). 

Four numbers have been issued. Price 50 cents each, postage extra. 

Papers of the Bibliographical Society of America. 

Eight volumes have been published. Detailed list with prices on 
request. 

The Bulletin of the Bibliographical Society of America. 

Now merged with the Papers. Complete sets can be furnished. 
$1.00 per volume, postage extra. 

Historical and Linguistic Studies in Literature Related to the 
New Testament. 

First SERIES: (5 numbers published). 
SECOND SERIES: STUDIES (14 numbers published). 

Proceedings of the Baptist Congress. 

The Proceedings for 1903, 30 cents, postage extra. 1904-1912, each 
volume 50 cents, postage extra. 

Annual Tables of Constants and Numerical Data, Chemical, 
Physical, and Technological. Issued by an International 
Commission of the Seventh and Eighth International Congresses 
of Applied Chemistry. 

We are distributing agents for this publication in the United States. 

Full information on request. 

Bulletins of the Geographic Society of Chicago. 

Numbers 1 and 2 can be supplied at 35 cents and 50 cents respectively; 
number 3, 75 cents; numbers 4 and 5,$3.coeach. Postage extra in each case. 
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PERIODICALS 


The Biblical World. Edited by SHatteR Matuews, with the co- 
operation of the members of the Divinity Conference of the University 
of Chicago. Published monthly, with illustrations. Subscription price, 
$2.00 a year; single copies, 25 cents; foreign postage, 68 cents; Cana- 
dian postage, 35 cents. 


The School Review. Edited by Rotto L. Lyman and other representa- 
tives of the School of Education of the University of Chicago, in 
co-operation with the Society of College Teachers of Education. Pub- 
lished monthly, except in July and August. Subscription price, $1.50 
a year; single copies, 20 cents; foreign postage, 52 cents; Canadian 
postage, 30 cents. 


The Elementary School Journal. Edited by the Faculty of the 
School of Education of the University of Chicago, in co-operation with 
the Faculty of the Francis W. Parker School. Published monthly, 
except in July and August. Subscription price, $1.50 a year; single 
copies, 20 cents; foreign postage, 46 cents; Canadian postage, 30 cents 


The Botanical Gazette. Edited by Joun M. Courter. Published 
monthly, with illustrations. Subscription price, $7.00 a year; single 
copies, 75 cents; foreign postage, 84 cents; Canadian postage, 35 cents. 


The Journal of Geology. Edited by Tuomas C. CHAMBERLIN and 
D. SALisBuRY. Published semi-quarterly, with illustrations. 
Subscription price, $4.00 a year; single copies, 65 cents; foreign 
postage, 53 cents; Canadian postage, 30 cents. 


The Astrophysical Journal. Edited by Grorcr E. Hate, of the Mount 
Wilson Solar Observatory; Henry G. GALE, of the Ryerson Physical 
Laboratory, University of Chicago; and Epwin B. Frost, of the 
Yerkes Observatory. Published monthly, except in February and 
August, with illustrations. Subscription price, $5.00 a year; single 
copies, 65 cents; foreign postage, 62 cents; Canadian postage, 30 cents. 


The American Journal of Sociology. Edited by ALBION W. SMALL, 
in co-operation with the officers of the American Sociological Society. 
Published bimonthly. Subscription price, $2.00 a year; single copies, 
50 cents; foreign postage, 43 cents; Canadian postage, 25 cents. 


The Journal of Political Economy. Edited by the Faculty of Political 
Economy of the University of Chicago, in co-operation with the 
officers of the Western Economic Society. Published monthly, except 
in August and September. Subscription price, $3.00 a year; single 
copies, 35 cents; foreign postage, 42 cents; Canadian postage, 30 cents. 
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The American Journal of Theology. Ernest D. Burton, GERALD 
B. SmitH, and SHIRLEY J. Case, Managing Editors, Published quar- 
terly. Subscription price, $3.00 a year; single copies, $1.00; foreign 
postage, 41 cents; Canadian postage, 20 cents. 


The American Journal of Semitic Languages and Literatures. 
Edited by the Faculty of the Department of Semitics, University of 
Chicago. Published quarterly. Subscription price, $4.00 a year; single 
copies, $1.25; foreign postage, 26 cents; Canadian postage, 15 cents. 


Modern Philology. Jouwx M. Manty, Managing Editor. Published 
monthly, except in August and September. Subscription price, $3.00 
a year; single copies, 50 cents; foreign postage, 45 cents; Canadian 
postage, 25 cents. 


The Classical Journal. Frank J. Mitter, ARTHUR T. WALKER, and 
Monroe N. WETMORE, Managing Editors. Published by the Classical 
Association of the Middle West and South, with the co-operation of 
the Classical Association of New England. Monthly, except in July, 
August, and September. Subscription price, $1.50 a year; single 
copies, 25 cents; foreign postage, 24 cents; Canadian postage, 15 cents. 


Classical Philology. Pavut SHorey, Managing Editor. Published quar- 
terly. Subscription price, $3.00 a year; single copies, $1.00; foreign 
postage, 23 cents; Canadian postage, 15 cents. 

The University Record. "Edited in the President's Office of the Univer- 
sity of Chicago. Published quarterly. Subscription price, 50 cents 
a year; single copies, 20 cents; foreign postage, 20 cents; Canadian 
postage, 12 cents. 


Journal of the Association of Collegiate Alumnae. Published by the 
Association at the University of Chicago Press. Issued in January, 
March, April, and May of each year. Subscription price, $1.00 a year; 
single copies, 25 cents; foreign postage, 16 cents; Canadian postage, 
8 cents. 

The English Journal. James Fieminc Hostc, Managing Editor. 
The official organ of the National Council of Teachers of English. 
Published monthly, except in July and August, at the University of 
Chicago Press. Subscription price, $2.50 a year; single copies, 30 
cents; foreign postage, 45 cents; Canadian postage, 25 cents. 


PUBLISHED FOR THE CAMBRIDGE UNIVERSITY PRESS 


Biometrika. A journal for the statistical study of biological problems. 
Edited by Kart Pearson. Subscription price, $7.50 a volume; 
single copies, $2.50. 

Parasitology. Edited by G. H. F. Nutratt and A. E. SurpLey. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 
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Journal of Genetics. Edited by W. BATESON and R.C. Punnett. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 


The Journal of Hygiene. Edited by G. H. F. Nutratt. Subscription 
price, $5.25 a volume; single copies, $1.75. 


The Modern Language Review. Edited by J. G. Ropertson, G. C. 
Macavtay, and H. OELsNER. Subscription price, $3.00 a volume; 
single copies, $1.00. 


The British Journal of Psychology. Edited by CHartes S. Myers. 
Subscription price, $3.75 a volume of four parts. 


The Journal of Agricultural Science. Edited by R. H. Burren, 
A. D. HALL, and T. B. Woop. Subscription price, $3.75 a volume; 
single copies, $1.25. 


The Biochemical Journal. Edited for the Biochemical Society by 
W. M. Baytiss and ArtHuR HARDEN. Subscription price, $5.25 a 
volume; single copies, $1.75. 


The Journal of Ecology. Edited for the British Ecological Society by 


FRANK Cavers. Subscription price, $3.75 a volume; single copies, 
$1.25. 


The Annals of Applied Biology. Edited for the Association of Economic 
Biologists by H. MAXWELL LEFrRoy. Subscription price, $6.00 a vol- 
ume; single copies, $2.00. 


The Annals of the Bolus Herbarium. Edited by H. H. W. Pearson, 
Harry Bolus Professor of Botany in the South African College, Cape 
Town. Subscription price, $3.75 a volume; single copies, $1 . 25. 


Note.—Prices on back volumes vary, and postage from London is charged on back 
volumes and single copies. 


The University of Chicago Press has become the American agent for 
the following scientific journal published by Georg Thieme in Leipzig: 


Internationale Monatsschrift fiir Anatomie und Physiologie. Edited 
by Fr. Kopscu, Berlin, and R. R. BENSLEy, Chicago. Full information 
as to dates of issue and prices will be given on request. 
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THE SUMMER QUARTER 


THE UNIVERSITY OF CHICAGO 
1915 


>], HE Summer Quarter at the University of Chicago 
is the most largely attended of the year, nearly 
four thousand students having registered in the 
summer of 1914. The University year is divided 
into quarters: the Autumn, Winter, Spring, and 
Summer, and students are admitted at the open- 
ing of each quarter, and also in certain designated courses at the 
beginning of the second term of the Summer Quarter. 

The courses during the Summer Quarter are the same in char- 
acter, method, and credit value as in other quarters of the year. 
Students may erter for either term or both. The quarter will 
begin on June 21 and end September 3. 

A large proportion of the regular Faculty of the University, 
which numbers about three hundred and fifty, and also many 
instructors from other institutions offer courses in the Summer 
Quarter, and in this way many varied points of view are given 
to students in their chosen fields of study. 


ARTS, LITERATURE, AND SCIENCE 


The University offers during this quarter, in the Schools of 
Arts, Literature, and Science, both graduate and undergraduate 
courses in Philosophy, Psychology, and Education; Political 
Economy, Political Science, History, Sociology and Anthropology; 
Household Administration; Semitics; New Testament Literature; 
Comparative Religion; History of Art, Sanskrit, Greek, and Latin; 
Modern Languages; Mathematics, Astronomy, Physics, and 
Chemistry; Geology, Geography, and Paleontology; Botany, 
Zoélogy, Physiology, Anatomy, Pathology, Hygiene and Bac- 
teriology; Public Speaking; Music. 
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Summer Quarter at 


THE PROFESSIONAL SCHOOLS 
Education 


In the Professional Schools the Graduate Department of 
Education in the Schoel of Education gives advanced courses in 
Principles and Theory of Education, Educational Psychology, the 
Psychology of Retarded and Subnormal Children, History of 
Education, and Social and Administrative Aspects of Education. 
The College of Education is a regular college of the University, with 
all University privileges, and in addition provides the profession! 
training of elementary- and secondary-school teachers and super- 
visors. It offers undergraduate courses in professional subjects 
and in the methods of arranging and presenting the various subject- 
matters which are taken up in the elementary and secondary 
schools. The University High School, with the fully equipped 
shops of the Manual Training School, is in session Curing the 
Summer Quarter, and opportunity is offered to take beginning 
courses in Latin and German and to review courses im Mathematics 
and History. The regular shop work supplemented by discussions 
- of methods is open to teachers pursuing the: S. 


Divinity 


The Divinity School is open to students of al! denominations, 
and the instruction is intended for ministers, missionaries, theo- 
logical students, Christian teachers, and others intending to take 
up some kind of religious work. The English Theological Semi- 
nary, which is intended for those without college degrees, is in 
session only during the Summer Quarter. The Graduate Divinity 
School is designed primarily for college graduates. Pastors, 
theological teachers, students in other seminaries, and candidates 
for the ministry with requisite training are admitted in the Summer 
Quarter. 


Law 


In the work of the Law School the method of instruction 
employed—the study and discussion of cases—is designed to give 
an effective knowledge of legal principles, and to develop the 
power of independent legal reasoning. The three-year course of 
study offered constitutes a thorough preparation for the practice 
of law in any English-speaking jurisdiction. By means of the 
quarter system students may be graduated in two and one-fourth 
calendar years. Regular courses of instruction counting toward 
a degree are continued through the Summer Quarter. The courses 


Ghe University of Chicago 


are so arranged that students may take one, two, or three quarters 
in succession in the summer only, before continuing in a following 
Autumn Quarter. The summer work offers particular advantages 
to teachers, to students who wish to do extra work, and to prac- 
titioners who desire to study special subjects. 


Medicine 


Courses in Medicine constituting the first two years of the 
four-year course in medicine of Rush Medical College are given '‘at 
the University of Chicago. For the majority of students taking 
up medical work for the first time, it is of decided advantage to 
enter with the Summer or the Autumn Quarter. For the student 
who is lacking in any of the admission courses, or who seeks 
advanced standing, it is of especial advantage to enter for the 


Summer Quarter. All the courses offered are open to practitioners 
of medicine, w!\o may matriculate as unclassified or as graduate 
students. Practitioners taking this work may attend the clinics 
at Rush Medica! without charge 


Commerce and Admit: stration 


The work of the College of Commerce and Administration for 
the Summer Quarter, 1915, is grouped as follows: 


I. The Trade and Industry Division, where the courses are 
arranged with reference to the needs of those who expect to 
engage in the various business pursuits such as accountancy, 
banking, brokerage, foreign trade, insurance, etc. For pur- 
poses of convenience in administration, secretarial work and 
commercial ‘caching are classified in this division of the College. 


II. The Charitible and Philanthropic Service Division, for those 
expecting to serve in charitable organizations, playground 
work, settlement work, child-welfare agencies, civic organiza- 
tions, social research, etc. 


The University of Chicago is peculiarly fortunate in its environment in 
summer. The city of Chicago is relatively cool. High temperatures are not 
frequent nor long continued, and the normal temperature, in comparison with 
that of other large cities, is low. Reports of the United States Weather 
Bureau show that the average summer temperature of Chicago is lower than 
that of most cities of its class. In addition to this advantage in weather con- 
ditions, the University has an especially favorable situation in the city. To the 
south stretches the Midway Plaisance, an avenue of lawn a block wide and a 
mile long; and about equidistant are Washington Park, a large recreation 
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Ghe University of Chicago 


ground on the west, and Jackson Park, equally spacious, on the shore of Lake 
Michigan, to the east. 

Opportunities for diversion are numerous. In Jackson Park there are 
golf links, and in both Jackson and Washington parks, lagoons for rowing. 
There are many tennis courts in both parks, along the Midway, and on the 
campus. Through the Frank Dickinson Bartlett Gymnasium and the Lexing- 
ton Gymnasium full facilities for physical culture are given to both men and 
women. In the Bartlett Gymnasium there is a swimming-pool open daily to 
men, and at designated hours in the week, to women. The Reynolds Club 
offers social privileges to men, membership being open to all men in the Uni- 
versity. Special attractions at the University are the beautiful William Rainey 
Harper Memorial Library, with its great reading-room and book collections 
open to the student, the new Julius Rosenwald Hall, devoted to the 
Departments of Geology and Geography, the new Classics Building, one of 
the most artistic academic structures in the country, and the athletic field of 
the University, with its splendid concrete grandstand seating nearly 10,000 
people. 

Notable public libraries and museums, highly organized industrial plants, 
many typical foreign colonies, a large number of settlements, and other signi- 
ficant social institutions make Chicago a peculiarly appropriate center for 
study and investigation. 

A series of public lectures in Literature, History, Sociology, Science, 
Art, Music, etc., scheduled at late afternoon and evening hours throughout 
the Summer Quarter, affords an opportunity to students and other members 
of the University community to hear speakers of authority and distinction in 
many departments of study and activity. This program will include a number 
of popular readings and recitals, a series of open-air plays, a series of evening 
concerts, and excursions to places and institutions of interest in and near 
Chicago. 

The complete ANNOUNCEMENT of courses for tae Summer Quarter 
of 1915 is issued in March, and may be obtained by application to 


THE UNIVERSITY OF CHICAGO 
CuicaGco, ILLINOIS 


William Rainey Harper Memorial Library 
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THE STUDY OF STELLAR 
EVOLUTION 


An Account of Some Modern Methods 
of Astrophysical Research 
Illustrated with one hundred plates 


By Georce Extery. Hatz, Director of the 
Solar Observatory of the Carnegie Institution, 
Mount Wilson, California. 

“The Study of Stellar Evolution” explains, 
in a popular way, how the life-histories of the 
sun and stars are investigated. A brief histori- 
cal,sketch, in which the general purposes, and 
methods of astrophysical research are outlined, is 
followed by several chapters on the sun, the only 
star that is near enough the earth to be studied 
in detail. An account of the spectroheliograph, 
which gives pictures of the sun, showing the 
flocculi—invisible clouds of calcium or iron vapor, 
or of hydrogen gas—introduces a series of chap- 
ters describing recent methods of solar and 
stellar research developed at the Yerkes and 
Mount Wilson observatories. 


1 890, clot 


The University of Chicago Press 


$4.00, postage 


A Simplified Typewriter 
The 
Remington Junior 


Small in size—but big in capacity 
Light in weight—but heavy 
in stability 
Remington-built Remington-guaranteed 
Price $50.00 
Write for Catalogue 


REMINGTON TYPEWRITER CO. 


(Incorporated) 
327 Broadway, New York 


NOTE THE SIMPLICITY 


PAR 
Complete 


|FELIX DAUS DUPLICATOR co. Daus B Bldg. “Tit John St., NEW YORK 


of making Perfect Duplicates with the 
Daus Improved Tip Top Duplicator 
No intricate mechanism. No printers’ ink. Always ready. 
100 Copies from Penwritten and 50 Copies 
from Typewritten Original 
Usetul —$ business for making duplicates of circular letters, 


invoices, price lists, reports, menus, 
manuscript, drawings, i 
Sent on 10 Days’ Trial without Deposit 
tive rolis now have our new enueco® OILED 
MENT a additional 
87. 576, 331% dncount 


BOYS’ CLU 


agement 
VI. How to Hold the Club To- 
gether 


By CHARLES S. BERNHEIMER, PH.D. and JACOB M. COHEN, A.B., LL.M. 

Superintendent, Hebrew £ducational 
Society, Brooklyn 

An authoritative textbook for club leaders and members, recreation and social 

centers, settlements, Y.M.C.A.'s, and all interested in social and educational work 


CONTENTS 


Outline VIL. Social and Literary Declamations 
1. The Club World Vill. The Gymnasium and he e) Plays 
ll. The and the Gang gg as Auxiliary to XII. Club Miscellanea 
Ill. The Ciub as a lub (a) Constitutions 
Government IX. Parliam Guide Minutes 
IV. The Ciub Leader X. Girls’ Clubs (c) Names of Clubs 
¥. Problems of Internal Man- XI. Club Aids {d) Reports and Accounts 


(a) for Debate 
ro Topics for Discussion 
(c) Literary Meetings 


Club Director, Recreation Center 20, 
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(e) Cheers 
PRICE, POSTPAID, $1.co NET 


Trade Selling Agents THE BAKER & TAYLOR CO., 26th St. and Fourth Ave., New York 
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FINE INES 4"? ADHESIVES 
For those who KNOW 


Esterbrook Pens offer as coy 


shapes and points as all o 
American makes put together. This No. 
788 Oval Point is one of the twelve most 

or surface atthe point 

sharpedges to scratch 

or pick even the roughest paper. 

Heavy steel adds durability. 
Send 10 cents for useful metal 4 Taurine Mucitage 

box this Phote Meanter Paste 


Are the Finest and Best Inks and Adhesives 
yourself from the use of corrosive and 
inks and adhesives and the 
Higgtas fake aod Adhesives. T be « 
rev to you, ¢ are s0 sweet, well 
put up, and witha! so t. 
At Dealers Generally 


CHAS. M. HIGGINS & CO., Mirs. 
Branches: Chicago, London 
271 Ninth Street Brookiys, N.Y. 


Made by the foremost lens 
makers of 


| in the designing and of 98 
instruments is built into every model of the 


lomb 


BALOPTICON 
THE PERFECT STEREOPTICON 


Its clear, vivid image and its simplicity of operation recommend it highly for classroom or lecture platform. 
Model C (illustrated) projects all standard lan- The new Combined Mode! may be used fog 
tern slides. Has the new gas-filled Mazda Sor 
Lamp —automatic and attachable to any lamp 
socket. Price $30.00 to $47.50. 

Other models of the Balopticon from $20.00 up 
Write for our interesting circulars telling all about the different Balopticons and their use 


Bausch lomb Optical ©. 
654 ST. PAI. STREET COCHESTER, N.Y. 
NEW YORK WASHINGTON CHICAGO SAN FRANCISCO 


Leading makers in America of Photographic Lenses, Microscopes, Binocalars, and othe: high-grade oxtical products 


Bee 
Oval Point No 788 4g 
Completeness! 
3 
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